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INTERMITTENT VALVE OSCILLATOR.* 
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LAURISTON §. TAYLOR, A.B. 


Department of Physics, Cornell University. 
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By INTERMITTENT valve oscillator is here meant an oscillating 
circuit maintained by a thermionic valve which oscillates only 
during certain definite intervals of time. The periods of normal 
oscillation when interspersed by intervals of silence will be termed 
“zules.”” (In a previous paper, the somewhat misleading term 
of “ beat ” was applied to the same effect, but this designation will 
be discontinued.) The effect may be procured by the insertion 
of proper high resistance and capacitance into the grid circuit of 
an oscillator, and various studies of the phenomena have been 
previously reported.” * 

The circuit used in this study is of a modified Hartley type 
(Fig. 1). Ordinarily such a circuit requires no blocking con- 
denser before the grid, in order to maintain the mean grid 
potential at a value sufficiently negative to give strong oscillations. 
However, such a condenser properly shunted by a moderately high 
resistance may be inserted between the grid and filament in several 
ways without seriously modifying the oscillation characteristics of 
the circuit, provided that the resistance does not exceed some 
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* Submitted for publication, | May 18, “1926. 

*L. S. Taytor, J. O. S. A. and R. S. I., 11, 149-159 (1926). 

* Beaty and Gmu.mour, Phil. Mag., 40, 291-2908 (1920). 

* RscHEWSKIN and WepENsKy, Phys. Zeit., 23, 150-152 (1922). 
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definite maximum value. When the resistance exceeds this value, 
the oscillations are interrupted by periods of silence. 

In this study, a high resistance of very constant value and 
a variable mica condenser in parallel were placed in the circuit as 
shown in the figure. As will be seen, this location of R and C, 
has a double effect. First, it isolates the grid from the remainder 
of the circuit, thus preventing any flow of charge from the grid, 
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Oscillating circuit with variable grid-biasing potential. 


except through R. Secondly, it modifies the main oscillating 
circuit L,L.C, by the addition of the second capacity C,. For 
the most part, however, C, was of the order of .5 yf while C, 
was of the order of 50-500 pyf and so the effect of the former 
capacitance upon the frequency and intensity of oscillations was 
quite small. The effects described below occur similarly when R 
and C, are placed immediately next to the grid. 


EXPERIMENTAL RESULTS. 

This study has been principally on the effect of the changes of 
C,, C2, L,, and L, on the zule frequency and of the shape of their 
characteristic curves. For purposes of clearness, I will consider 
the whole as a network of three circuits, each pair having a branch 
incommon. The circuit containing the grid, filament, C, and L,, 
will be referred to as the grid circuit; the circuit containing the 
plate, L, and the filament as the plate circuit; and circuit L., Co, 
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C, and L, as the oscillating circuit. C, is a variable air condenser, 
shunted by a variable mica condenser. L, is a pan-cake type of 
step inductor, and L, a Brooks inductometer. R was fixed at 
1 meg-ohm and C, usually at .5 to .8 pf. In roughly exploring 
the characteristics of the circuit for various changes in inductance 
and capacitance, it was observed that in certain regions the zule 
frequency was extremely sensitive to small capacity changes or 
small inductance changes. For this reason the entire circuit was 
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Curve showing effect on zule frequency, of coupling between L: and Lz in terms of the 
angle between coils. 


inclosed in a metal box and the negative side of the filament 
grounded to the box. 

It was found that the zule frequency depended upon the degree 
of coupling between L, and L,. Fig. 2 shows a curve of zule 
frequency against the angle between two inductances of the pan- 
cake type, thus giving a qualitative idea of the effect of coupling 
on the zule frequency F. Since it was desired to adjust both L, 
and L., they were separated by a distance sufficient to insure 
negligible coupling between them. 

To detect the oscillations a pair of high-impedance phones in 
series with a small coil was coupled loosely to L,. Loose coupling 
was very necessary, for otherwise variations in capacity of the 
phone circuit altered the critical operation of the oscillator. 

Fig. 3 shows the zule frequency as a function of C,. The 
shape of this curve is what would be expected, showing that as the 
capacitance is increased, a greater amount of charge must be 
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accumulated in order to stop the oscillation, and thus the periods 
of normal oscillation would occur less often. 
The critical regions of oscillation are dependent prinicipally 
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Curve Z—Effect of capacity Ci on zule frequency. Curve N—Oscillation frequency 
the circuit corresponding to changes in C1. 


upon the values of the inductances L, and L, and the capacitance 
Cy. The curves in Fig. 4 show the variation of zule frequency 
with capacitance C,, each curve being for a different fixed value 
of C,. In parallel with C, was a second capacitance of 5000 upf. 
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As C, was increased up to a certain critical value, the circuit was 
oscillating normally in a steady state. Upon reaching this critical 
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Curves I-7, Showing effect of capacity C2 on zule frequency, for different values of C; (i.e., for 
Curve 6, Ci = .3 wf; curve 5, Ci = .4 uf, etc.). Curve N—Oscillation frequency corresponding to : 
changes in C2 along curve 1. 


value, however, the oscillations were no longer steady, but became i 
intermittent. This transition point is very sharply defined, being 
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of the order of 1/1000 pyf change in capacity. A very small 
further increase in C, produced a large increase in the zule fre- 
quency F up to a certain value. Here the change of F with C, 
became smaller and passed through a maximum. Then a second 
critical region was reached, when a slight increase in C, caused 
a large decrease in F, finally reaching the steady state region 
again. Upon still further increasing C, a third critical region 
was entered, giving again a large increase in F with small increase 
in C,. In this region the upper cut-off point is much more clearly 


FIG. 5. 
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Curves showing effect of C: on zule frequency for different values of inductances Ls. 
(Inductance values of Lz given on right.) 


defined, and after having been passed, the increase of F with C, 
is very slow and seems to follow a nearly linear relation. ‘There 
are several other factors to be observed on these curves. First, 
it will be observed that the sole effect of C, is a shift of the actual 
zule frequencies for a given value of C;. There is little or no 
change in the position of the critical regions. Secondly, the upper 
cut-off values in the first critical regions are considerably broader 
than in the other regions. Thirdly, the maximum point and the 
first two upper cut-off values are at greater zule frequencies than 
the third cut-off. 

At the same values of the capacitance C, the zule frequencies 
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were determined for the various values of C, (Fig. 4). Then 
plotting log, F against log, C, a straight line resulted, of which 
the slope was very nearly minus 1. This was also checked out 
by a similar plot from the curve in Fig. 3, but the principal value 
in the curves of Fig. 4 was in showing that this relation of F to 
C, held in the entire region studied. Thus was obtained the sim- 


Fic. 6. 

4 
200 | 
450 Py 

4 

| | 

/ 
Ss 
N 
S00 Ree OS os : 
S 
& 
SH] 

| 
Soa ae Recreet + His ae 
atid 
& 100 200 fadudarnce ' 300 400 


Effect of inductance Lz on zule frequency, for different values of capacity C;. (Zz in milli- 
henrys. F in zules per minute.) 


ple relation between the zule frequency and the capacitance C,, 
namely that: 


(1) 


A different type of variation may be brought out when C, is 
varied, for different fixed values of L. and L,. The curves in 
Fig. 5 show these relations. In referring to the upper cut-off 
values as before, it will be seen that these occur now at different 
values of C, for different values of L, except for the second 
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region which seems to remain constant. As the fixed values of 

L, decrease, the second region cut-offs occur at a lower value of 

C, passing through a minimum and then occurring at higher 

values of C,. The envelope of the cut-off points seems to follow 

a parabolic path. As L, increases the cut-offs occur at progres- 
Fic. 7. 
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Curves showing change of zule frequency with inductance Ls for different values of C2. (Values 
of C2 in wp F given by each curve. Ls in millihenrys. F in gules per minute.) 


sively higher zule frequencies. In the third region, up to a certain 
maximum value of L, the cut-offs are linear with L., while above 
this maximum, the envelope again appears to be of parabolic form. 

Fig. 6 shows the characteristics of F against the inductance 
L,, each curve being for a different fixed value of C,. Here 
within the range studied are two or sometimes three critical 
regions. If for a certain fixed value of C, and Cz, the inductance 
L, be increased, there is steady but not rapid increase in F up 
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to a very critical value of L., at which there is a very large 
decrease in the zule frequency for a slight increase in the induc- 
tance. Again the oscillator reaches a steady state over a certain 
range of L., after which a second critical region is attained where 
there is a large increase in F for a slight increase in L,. The 
critical value of L. for the first region appears to be fixed for 
various values of C, and the second region appears to vary but 
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Linear relation between log,F and L2 (see equation 2). 


slightly. After increasing L, beyond the second region, it will be 
observed that the curve passes through a point of inflection and 
then becomes increasingly steeper. A point brought out by this 
particular family of curves is to show that the capacity C, has 
no effect on the zule frequency other than one of increasing it 
according to the inverse relation found before. 

The effect of inductance variations for different fixed values 
of C, brings out relationships that are more easy to study. Again, 
there are two or three critical regions, within the range studied, 
of the same type as discussed above. Such a family of curves of 
F against L, are shown in Fig. 7. There are several important 
points to be noted in this connection. First, the critical regions 
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occur at different values of L, and come nearer to each other as 
the values of C, increase. However, it will also be noted that the 
first region shifts but slightly toward higher values of L., while 
the second region shifts very rapidly to lower values of Ly. Sec- 
ondly, these critical regions, after a certain value of C, has been 
exceeded, merge, and the interval of normal oscillation disap- 
pears. Beyond this point the deviation from the main characteris 
tic decreases and finally disappears altogether. 

Within the range of inductance available, a third critical 
region was observed for certain values of C., where for high 
values of F and lL, a sharp cut-off occurred, followed by the 
steady oscillation. This region is the narrowest of the three 
For very high values of F, the zules appear to occur at the same 
frequency as the normal oscillation and so the critical region dis 
appears. The zule frequency in this range is too high to count 
by ordinary means. 

If the critical regions discussed above are neglected, and a 
curve interpolated across the gap (Fig. 12), it will be found that 
for every set of data obtained, such interpolation will form a 
smooth curve between the two parts of the characteristics. |i 
then, from this complete curve, values of the zule frequency and 
inductance be taken, and L, plotted against log, F, a straight line 
will result (Fig. 8). Repeating this operation for all the curves 
will give a series of straight lines of equal slope but varying 
intercept. Thus a second relation may be empirically obtained, 
giving the exponential form: 


F = A& — 2 


where m is the slope of the curves and is constant for all values 
of C,, b is a constant obtained from the intercept, depends upon 
the value of C, and may be determined from the set of straight 
line relations plotted above. By plotting the intercepts of these 
curves on the L, axis, against the corresponding values of C2, a 
straight line again results, thus determining that b= kC,, where 
k is anew constant. Thus a final relation is obtained, giving 


F =Aeé in —hG 3 
m 


From the dimensions of equation (3), it is seen that A must 
be a reciprocal frequency. The slope m has the dimension of 


March, 1927.1 [INTERMITTENT VALVE OSCILLATOR. 361 


an inductance and is equal to 2 L,. Also k must be a resist- 
ance squared. 

It is of interest to note to what degree the zule frequency 
during the critical regions is dependent upon changes in L, and 
C,.1 Thus in the first region (Fig. 6), a change in inductance of 
1 millihenry will cause a change of 100 in the zule frequency per 
minute. Since a change of 1 zule per minute is easily detected, 
a change in L, of .o1 millihenry may be detected, being a change 
of I part in 10,000. The same is approximately so within the 
second critical region. Similarly for capacity, there is great sensi- 
tivity to small changes. For instance, in the second critical region 
(Fig. 4), a change in C, of 2 pf causes a change of 100 in the 
zule frequency per minute, thus making .o2 uf easily detectable. 
However, the total capacity is about 6000 uf, so that the change 
is of the order of I part in 300,000. 

With such sensibility, the circuit discussed may be of consider- 
able practical importance. It must be noted that the normal 
oscillation frequency within each zule changes for every value of 
L and C. However, as was previously pointed out by the writer 
for the Colpitts type of circuit,’ these regions may be shifted 
within wide limits to various oscillation frequencies. It is 
unnecessary to discuss these changes, except to state that, as 
before, they may be accomplished by proper manipulation of the 
filament current, the resistance R and all values of inductance 
and capacitance. 

Since the oscillation frequency varies for all values of C, and 
L,, it was desired to study this over the range used. A bridge 
method was employed and the auxiliary circuit was coupled loosely 
to the oscillator in order to minimize reaction between the two 
circuits. To obtain sufficient signal intensity, a four-stage ampli- 
fier and low pass wave filter were placed before the bridge. 

Fig. 3, showing the relation of F to C,, shows also the effect 
of C, upon the frequency of the oscillator (curve n). It will be 
observed that it remains practically constant. This was expected 
since C, was made very large compared with C,. 

In Fig. 4 is shown the relation between oscillation frequency 
n and capacity C, and in Fig. 14 the relation between oscillation 
frequency and inductance Ly. These appear to follow the simple 
n= 2n°/ LC approximation for the valve oscillator, but their main 


i 

- 
f% 
é 
to 


ALTA NE 2 eh NERE URW ast see + 


“ieee 


“pet 


362 Lauriston S. TAYLOR. [J. F. 1. 


‘ 


interest is in showing a continuous variation of frequency in 
either case. There appears to be no unusual change in frequency 
in the critical regions. They also showed that there was no 
relation between the frequencies and the critical inductance or 
critical capacitance regions. However, as will be seen later, the 
frequency has an important bearing on the operation of the circuit. 

The changes in plate current were also studied. Fig. 9 shows 
the plate current as a function of L, for different values of C,. 
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It will be observed that in the lower part of each curve there 
are two definite discontinuities, and that beyond a certain value 
of L, the plate current reaches approximately the same value 
of each curve. By comparing each curve with the correspond- 
ing curves of F against L., it was found that the discontinuities 
occurred roughly at the same values of L. as the critical zule 
frequency regions. 

A similar set of curves was obtained for plate current against 
capacity. These curves appeared very irregular, and the various 
breaks did not seem to have any definite relation to the critical 
regions of the F—C, curves. . Their principal value was in showing 
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that the plate current did not vary over a wide range as C, was 
varied over the entire range employed in the previous experiments. 

By making a slight modification in the grid circuit of the 
oscillator another relationship was found. The grid circuit was 
divided, and a source of variable potential, employing a potentio- 
stat, was inserted (Fig. 1). By this means a positive potential 
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Curve V g—Curve showing the positive biasing potential necessary to apply to grid to pro- 


duce steady oscillation in place of zules. (Curve Z in this and following figures is only to show 
the relative positions of the other curves.) (L2is in henrys.) 


was applied to the grid and varied until the accumulated charge 
was neutralized and the circuit abandoned the intermittent state 
and oscillated normally. Below the first critical region, this posi- 
tive neutralizing potential decreases very rapidly from a high 
value by a linear relationship (Fig. 10). It was observed that 
the neutralizing potential reached a zero value at the same value 
of L, as the appearance of the steady oscillation state, as was to 
be expected. Between the second and third regions its increase 
was comparatively small, and passing through a maximum value 
became zero again at the third critical value of L,. Its importance 
will be discussed later. 
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DISCUSSION. 


During normal oscillation the mean potential of the grid is 
negative with respect to the filament and the grid potential varia- 
tions are induced by the impedance coupling RC,L,. This is the 
only essential variation from the simple Hartley circuit. In the 
circuit used the phase difference between the grid and plate poten- 
tials is but slightly less than 180°. Thus when the grid is at its 
maximum positive value, the plate potential with respect to the 
filament is nearly at its minimum value. 

When oscillation ceases, electrons do not cease entirely to pass 
to the grid. A galvanometer in the grid circuit showed evidence 
of a current flowing even under non-oscillating conditions. There- 
fore the action taking place is one of exponential leakage through 
R and a slight steady charging from the grid. 

A grid current is necessary. For assume that after the circuit 
ceases to oscillate, no further charge goes to the grid. Due to a 
finite rate of leakage through R, the grid potential would instantly 
rise above the critical value and the circuit would resume oscilla- 
tions, thus making the zule effect impossible. 

Consider the case where the grid is positive during one-hali 
of an impressed cycle. The rate of charging of the grid will 
then be f(a sin pt) where (a sin pt) is the impressed e.m.f. 
However, at the same time that the grid is positive, the plate 
potential is in the negative half of its cycle and the field between 
the plate and filament is thereby reduced. This causes a further 
increase in the grid current, the two effects being always in phase. 
An expression for the combined effects may be dQ =f(E,) dt 
since the actual form of the wave is determined by the dynamic 
grid potential-grid current characteristic of the tube. 

However, at the same time that this charge is accumulating, 
it is also leaking off through the resistance R at some finite rate. 
Thus the complete equation expressing the rate of building up 
of charge will be: 


- Pe id 


ac Rti ” 
where Q is the charge on the isolated part of the grid circuit, and 
C is the combined capacity of C, + C,. The first term is that due 
to leakage of the trapped charge through R. 


The above relation holds only for the half cycle during which 


*R. A. Hetsinc, Jour. 4. I. E. E., 29, 365-376 (April, 1920). 
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the grid is positive, thus building up to a negative potential l’,. 
During the other half cycle the second term drops out and the 
only action is one of leakage, so that the mean potential of the 
grid falls off exponentially to some less negative value /,. In 
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general |’, < l’, in order to give continued charging of the grid, 
in which case charging will be resumed during the third half 
cycle, depressing the grid. to a value V,; and so on. When the 
leakage equals the charging, no intermittent effect will take place. 

Due to this cumulative effect, the portion of the time during 


which the grid is negative to the filament becomes increasingly 
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greater than the time during which it is positive. Thus the 
accumulation process itself becomes retarded as the oscillation 
state continues. Therefore to produce zules the following rela- 
tion must hold: 

(Vn — Vn-—1) > (Vn—1 — Vn-2) > (Vn-2 — Yn — 3) > ete (S) 

This alternate charge and leakage action continues up to the 
point when the grid potential reaches such a negative value that 
an insufficient number of electrons pass to the plate to maintain 
oscillations in the main circuit. 

In Fig. 11 let (1) be the alternating component of the e.m.f 
impressed on the grid, and alternating about a mean grid voltage 
Va;. The value of V,, is determined by the steady state con- 
dition when the charge is able to leak from C, more rapidly than 
it can accumulate. The value of the mean potential V,. is deter 
mined by the limiting potential, after which the oscillations 
impressed upon the grid vary over a region that overlaps the 
characteristic so slightly that an insufficient plate current to main- 
tain oscillations is allowed to pass. 

These potentials are easily obtainable by means of a vacuum 
tube peak voltmeter ° and idiostatic electrometer across from grid 
to filament. 

The electrometer gives the R.M.S. voltage on a direct reading 
scale. Thus it could be used only to measure variations about a 
zero value. However, the grid oscillates about some steady value 
other than zero and this direct current component must be con- 
sidered when interpreting the voltmeter reading. This fact sim 
plified the measurements as shown below. 

If b is the R.M.S. voltage as read, then 


Si 72 Ve (6 


where lV’, is the amplitude of oscillation and l’, is the mean grid 
potential. Neither can be easily measured directly. In order to 
work over a more sensitive part of the scale for low values of D, 
a battery of voltage E was added in series with the voltmeter 
so that 


b= (Vet B+ +. (7 


*H. J. van DER But, . Thermionic ‘Vacuum Tube,” p. 367 (1920). 
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The peak voltage /’, as measured gives 
V,=V4—Vo (8) 


Solving these two expressions simultaneously gives 


2E+ V I 
a toe -- > V4E V, + 60 — 2B 27," (9) 
where E, was zero and dropped out when the electrometer was 
used alone. 

Thus from l’,, ’, and I’, all desired information regarding 
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Variations with inductance Le of: (1) Mean grid potential, Vg. (2) Amplitude of oscilla- 
tion, Vg. (3) Peak voltage of oscillations with respect to the filament,V». (Zs in henrys.) 
Note the extrapolation across the zule curve gap. 
the mean position of oscillations, values of zule cut-offs, etc., may 
be obtained. The depression of the mean grid potential does not 
affect the amplitude of oscillation except close to the cut-off 
regions. Thus the difference between the peak voltage and ampli- 
tude during zules would give the mean grid potential where the 
amplitude was obtained after raising the grid potential until 
steady oscillation occurred. 

Fig. 12 shows curves for V,,V, and V, plotted against Ls. 
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It will be noticed that V, gives a smooth curve, while the ampli- 
tude ’, is discontinuous at the critical zule regions. 

Peak voltages across the variable inductance L, also show 
a discontinuity at the zule region limits, where the peaks fall to 
a low and seemingly constant value which was about two volts 
above that of the plate battery (Fig. 13). This low value of J’, 
was the same in the second region of normal oscillation. When 
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Peak voltage V» measured between O and D (Fig. 1). Curve Vp is continuous at A wher 
curve Z is made continuous at B. Plate battery, 68 volts. (Lz in henrys.) 


C, is increased sufficiently that the first normal oscillation region 
vanishes, no discontinuity in V, then occurs. Similar curves 
(Fig. 14) taken across L, showed a continuous change in |” 
regardless of the existence of normal oscillation regions. Thus 
it appears that the entire oscillating circuit is not necessarily an 
agent in the zule effect. This part of the study was carried 
no further. 

A biasing potential (positive or negative), inserted in the 
circuit next to the grid, serves to bring out several factors con- 
cerning the effect of the grid depression. It is seen that the state 
of depression of the grid potential is the controlling factor of the 
zule or steady state. 
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The biasing potential does not in any way alter the mean 
voltage about which the alternating component of the e.m.f. 
varies. At any one value of L, and Co, the peak voltage /, and 
the R.M.S. voltage lV ,, remained constant for any value, positive 
or negative of the biasing potential /,. As shown before, the 
mean oscillating e.m.f. is determined by , and Vy and there- 
fore it is shown that this remains constant. For example, in a 
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region of normal oscillation let a negative biasing potential be 
applied. Down to a certain value of lg, steady oscillation per- 
sists. Then it is found that the zule state is again entered when 
the biasing potential is made less than a definite critical value. 
The zule frequency changes with )’, down to a fixed value of 
Vz, at which all oscillation ceases. This cut-off value of Vz is 
constant for all values of L, and C, at about 15 volts. Over all 
of the changes above, » and V y did not vary, until oscillation 
stopped entirely, showing that the impressed e.m.f. was unaffected. 

Thus the application of a known I’, can produce exactly 
similar effects to those of the resistance R and capacitance C, 
which cause a charge accumulation on the grid. 
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A similar effect is found in the zule regions when a positive 
biasing potential is applied. Upon increasing Il’, the zules finally 
cease and steady oscillation occurs. The critical value of )’, 
changes with L, as shown in Fig. 10. At the critical cut-off 
regions, the biasing potential necessary to transform the oscilla- 
tions from normal to intermittent or vice versa is of necessity 
equal to zero. Also that this value /’, =o is the necessary and 
sufficient condition to fix the critical cut-off regions. Therefore 
the locations of the cut-off points are determined by such combina- 
tions of charge and leakage conditions that |’, =o. 

In the zule formation it is necessary that the oscillations stop 
at some certain state of the circuit and start at another, thus 
showing evidence of a type of oscillation hysteresis. This effect 
has been previously studied by others.® * § 

The presence of such a factor has been evidenced experimen- 
tally as follows: Referring to the F—L, curves (Fig. 7) it was 
found that by slowly increasing L, by rotating the inductometer 
secondary, the first critical region occurred as discussed before. 
However, for very low values of C, the same critical region 
could be passed through slowly without any zules occurring. Ii, 
on the other hand, when within this region the inductometer be 
changed suddenly, the normal oscillation ceases and zules occur. 
Once the zules are established, the whole region may be explored 
in either direction. A second evidence may be found within any 
region of normal oscillation, where a sudden shift in the inducto- 
meter will cause the oscillations to cease entirely for a definite 
time, but one of varying length according to the magnitude of 
the shift. The same may be accomplished by means of a sudden 
change in the variable condenser C,. A third evidence occurs 
within these same regions when a very slight jar of the vacuum 
tube or any part of the apparatus would cause the same effect. 
Response to loud sounds of certain pitches also interrupted the 
oscillations. A fourth evidence was pointed out in a recent paper 
by the writer, in discussing the Colpitts circuit used as an inter- 
mittent oscillator.‘ Here the critical regions varied according 
to the direction and manner of approach, showing a lag effect. 

Other definite examples of hysteresis of oscillations were 


 AppLeTON and VAN DER Pot, P. M., 43, 179 (1922). 
* Van DER Pot, P. M., 43, 700 (1922). 
*W. ALBersHetM, Archiv. f. Electrot., 14, 23 (1925). 
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observed to be dependent upon the state of the grid potential. 
For example, when a negative potential /, is applied to the 
grid, oscillation is entirely cut off at some value V, of the biasing 
potential, and silence results. Then /’, must be returned to a 
value V, several volts more positive before oscillations are 
resumed. Thus ’,>V,. For various values of L. and C2, Vy 
remained fixed at about 13.5 or 14 volts, but V, varied. This 
condition was for Rk =o. 

Consider the exaggerated oscillation diagram in Fig. 15. 
Due to the cumulative process mentioned before the mean grid 
potential will decrease along MN until the oscillations overlap the 
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Oscillation diagram. 
dynamic characteristic insufficiently. Actually this occurs in steps 
until oscillation stops. From this stage the grid potential increases 
exponentially to some point M’ above the dynamic cut-off, where 
a transient e.m.f. is capable of being increased sufficiently for 
maintained oscillations to result. From this point the cycle is 
repeated, A representing a zule cycle. From mean and peak 
voltage considerations, it was found that M’ remained nearly 
constant (—13.5 volts) for all circuit conditions, was greater than 
the cut-off voltage (—15.0 volts), and less than zero grid poten- 
tial. The length of the interval B is determined by several such 
factors as the time constant of the grid circuit, the grid current, 
etc. After M’, the time necessary for the oscillations to build up 
to their maximum value is negligible compared with the length of 
a zule. N corresponds to V,, and M’ to one value of V,, in 
Fig. 11. 

It is significant that for any changes in )’,, while zules are 
occurring, there is no appreciable change in the duration of each 
zule. There is a variation as L, changes when ’, =o. If the 
application of V, actually lowered the mean impressed e.m.f., 
the rate of charge accumulation would decrease and the zule 
become longer. 
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Also the critical value to which the grid may be depressed 
before all oscillations are cut off is fixed at some value, say /’y. 
The critical grid potential value at which oscillations may begin 
again is fixed at some value, say ’,. Therefore the time of 
leakage should always be the same for fixed values of L, FR, and 
C. However, this time varies as lV’, is changed, all else remaining 
constant. The potential , serves only to add to or detract from 
the potential of C, and so changes the time of leakage. It was 
found that the zule frequency F becomes less as V g becomes more 
negative. The interval NM’ (Fig. 15) increased in length 
while the zule length MN remained unchanged as I’, was 
thus decreased. 

An explanation of the starting of the zules and stoppage ot 
the oscillations by disturbances may be as follows: Suppose the 
circuit oscillating normally and continuously. Then due to the 
presence of the grid condenser C, and the resistance FR there is a 
slight accumulation of charge on the grid circuit, which is held 
at some steady value due to the leakage through FR being equal 
to the rate of increase. The circuit is thereby operating nearer 
to its critical cut-off state than if C, and R were absent. If now 
L, be suddenly changed there is a transient e.m.f. set up in the 
circuit by induction. This causes a large increase in the positive 
part of the grid cycle and sufficient charge is accumulated during 
that interval to cut off the oscillations. This extra charge leaking 
through R requires a finite time to escape and thus bring the 
circuit to its critical starting state again. Thus, there will be a 
definite stop in the oscillations, as was observed. Being no 
further disturbance, there will be only one break, for the circuit 
will have returned to its equilibrium state. The same effect will 
occur within the critical regions, but here the circuit after its first 
interruption will not fall to the steady state value again since the 
zule effect will commence at some higher value of the charge 
in that circuit. 

It was observed that as FR increased the actual length of the 
zule became shorter, i.e., the time for the grid potential to fall 
from M to N became less (Fig. 15). Correspondingly the inter- 
val NM’ becomes longer. Among other factors, the length of 
this interval depends upon the time constant of the circuit. From 
equation (4): 


t= RC log, 
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where Q, is the charge on C, when ¢ is measured zero. Neglect- 
ing other factors, this gives the time of leakage during silence. 
For fixed circuit conditions Q is constant and ¢ is proportional 
to R. Thus the length of the silent interval will increase with 
R, thereby causing a shortening of the zules. 

The rate of charge accumulation on the grid varies with the 
oscillation frequency and amplitude. Experimental curves for 
Fic. 16. 
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Curve Z—Zule frequency, at constant oscillation frequency N. Curve C—Relation between 
Lz and C2 to maintain N constant. 


frequency change with L, showed no discontinuities over the 
break regions. By maintaining the oscillation frequency (1) 
constant by a double adjustment of L, and C,, its qualitative 
effect on the zule frequency may be obtained (Fig. 16). Curve 
C shows the variation of L, and C, necessary to maintain 
constant, and curve Z above shows the corresponding variation 
in zule frequency. Over a wide range of L, and C, there is 
no marked change in F, nor evidence of any critical regions. It is 
only for the low values of C, that the zule frequency F changes 
markedly, and here it increases very rapidly and suddenly to 
values too high to count. 

The zules become so rapid that the tone is harsh or throbbing, 
and finally the stage is reached where the natural tone of the 
oscillator only is heard. 
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As the frequency » increases, the grid is positive with respect 
to the filament for a greater part of a given time. Thus the leak- 
age through R becomes less per half cycle and the charging of 
C, + Cy greater, so that the net result is one of an increase in the 
charging rate of the grid circuit to its critical value. This will 
mean that the zules become shorter, since the charge will reach the 
critical value in a shorter length of time. 

If the amplitude of oscillation in the main circuit is increased, 
the induced e.m.f. in the grid circuit will be corresponding] 
greater. The two were found to bear a simple relation to each 
other. This means that for a given frequency, the grid attaining 
higher positive values with respect to the filament will accumulate 
a greater amount of negative charge and thus build up to its cut 
off value in a smaller number of complete cycles. At the same 
time the plate potential alternating through greater amplitudes 
will decrease the stray field through the grid, during the positive 
half of the grid cycle. The two effects combine to cause an 
increase in the grid current. 

The existence of the zule means that under those conditions 
insufficient energy is fed into the oscillating circuit to maintain 
the oscillations continuously. Consequently it would be expected 
that, if for some reason more energy were absorbed in the main 
oscillating circuit, the region of steady oscillation would be dimin 
ished in length. This is actually found to be the case when some 
additional pure resistance is added in L,, L., C, and Cy. The 
effect of increasing this resistance is to cause the first and second 
critical regions (Fig. 7) to approach each other and _ finally 
merge. Throughout the study of the resistance in the oscillating 
circuit was fixed at about 30 ohms. 

In conclusion, | wish to express my appreciation to Profs. 
E. Merritt and C. C. Murdock for their interest in this investi 
gation and for their helpful suggestions. 


Industrial Alcohol Manufacturers Establish Fellowship.— | hic 
Industrial Alcohol Manufacturers’ Association has founded an Indus 
trial Fellowship in Mellon Institute of Industrial Research of the 
University of Pittsburgh, for the purpose of studying denaturants. 
in order to find an ideal one, if possible. This would be a substance 
possessing such properties and physiological action that it woul 
render ethyl alcohol undrinkable, but could not be separated in any 
way from the alcohol and would not injure it for technical uses. 
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THE USE OF MODELS IN THE SOLUTION OF 
INDETERMINATE STRUCTURES.* 
BY 
GEORGE E. BEGGS, C.E. 


Professor at Princeton University, Princeton, N. J. 


FURTHER knowledge of the action of indeterminate structures 
will be extended primarily by observation and experiment. Struc- 
tural mathematics, based upon the simple laws of equilibrium, 
stress-strain proportionality, and the conservation of energy, has 
developed into a very complicated system. Mathematical analysis 
is demonstrated by the analysts themselves to be an inadequate 
practical means for the solution of many problems, as evidenced 
by the difficulties inherent in the methods of “ Least Work,” 
“ Slope Deflections,” “ Ellipse of Elasticity,”’ “ Elastic Weights,” 
“Conjugate Beams,” and “ Theorems of Three and Four 
Moments.”” The theoretical solutions commonly employed have 
departed far from any evident relationship to the actual structure. 
It appears imperative that a return be made to experimental 
methods whereby nature may be compelled to serve the structural 
engineer in the solution of many practical problems in the field 
of indeterminate structures. 

To circumvent the laborious mathematical solutions, a prac- 
tical method of solving many types of indeterminate structures 
by the aid of elastic models has been developed. It is based upon 
the same fundamental principles as lie at the basis of many mathe- 
matical methods, in particular, Maxwell’s theorem of reciprocal 
deflections. The essential difference between the mathematical and 
mechanical methods of solution is that the laborious calculation 
of required deflections is replaced by their direct measurement. 
A particular advantage of the mechanical method is that it com- 
pletely avoids the use of integral calculus and the solution of 
groups of simultaneous equations, for each indeterminate quantity 
is directly expressed as a function of a known load and two 
measurable deflections. Furthermore, since the solution by use 
of models allows all stress components to be determined from 
measured deflections, there remains ,for checking purposes the 


* Presented at a meeting held Thursday, October 29, 1925. 
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three unused equations of statical equilibrium. For this reason 
the mechanical method of solution is spoken of as self-checking 
Since a model automatically takes into account the effect of thrust 
and shear deformations, varying moments of inertia, effect of 
brackets, and peculiar distribution of stresses around corners of 
frames, the solution obtained from a model is probably nearer 
the truth than the solutions obtained by approximate theories. 

The economic advantage of the mechanical method arises from 
the fact that difficult practical problems of an indeterminate 
character may be solved accurately with a model more speedily 
than by calculation, and the clerical work incident to the mechani- 
cal solution may be done by those who have had no theoretical! 
training in the special subject of indeterminate structures. Fur 
thermore, an engineer or architect who employs models in design- 
ing secures for himself greater freedom in the choice of unusual! 
structural forms, which may be either more economical or 
more artistic. 

The underlying principle of the solution of structures by the 
use of models will be clear from a consideration of Fig. 1, a, b, c 
The line diagram in each lettered figure represents the centre line 
of a model of an indeterminate structure. The reaction compo- 
nents—vertical, horizontal, and rotative—due to any assumed 
load P, are to be found experimentally. It should be observed 
that in the mechanical solution no actual load is applied to the 
model at the point of assumed loading, for the process consists 
merely in the introduction of a known displacement at the section 
of desired stress and the measurement of the corresponding dis 
placement at the point of assumed loading. Let us deal first with 
the vertical component of the reaction at support B, Fig. 1a, corre 
sponding to any assumed load P on the structure. Suppose the 
other supports 4, C, D to be held fixed. Let a very small finite 
vertical displacement d, be produced in the model at B without 
permitting rotation or horizontal displacement of this support 
The corresponding component of displacement d, at the load 
point P in the direction of P is observed with a microscope. It 
follows from elastic theory that the vertical component V of the 
reaction at B is given by the equation 


a, 
7 = a * 
’ p(s) 


It appears, therefore, that the solution with an elastic model is 
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remarkably simple, as soon as means are provided for the easy 
manufacture of models and for the accurate introduction and 
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measurement of the necessary deflections. Attention is directed 
particularly to the necessity of employing small deflections in the 
solution of indeterminate structures with the aid of elastic models, 


lit, 


378 GeorceE E. Beccs. [J. F.1. 


for the ratio of deflections is theoretically and practically correct 
only when the model is deformed a small microscopically measur- 
able distance from its geometric shape ; but if large deflections are 
employed, the method very frequently gives results which are 
grossly inaccurate. The leading authorities in Europe and 
America are in agreement in the opinion that relatively smal! 
deflections must be employed if accurate results in every case 
are to be expected. 

If it is desired to find experimentally the horizontal and rota 
tive components of the reaction at B in Fig. 1, the procedure is 
analogous to that described for obtaining the vertical component 
Refer to Fig. 1b. Let the support B be displaced horizontally a 
very small measurable distance, d,, without allowing vertical or 
rotative displacement of this support. The corresponding com 
ponent of displacement d, at the load-point P in the direction of /’ 
is observed with a microscope. It follows from elastic theory that 


d, 
H =P (5). 


Again, if it is desired to determine the rotative, or moment, 
component of the reaction at support B, Fig. tc, the support 
B is rotated through a very small measurable angle, determined 
by the value d,, at radius unity, as shown in Fig. tc. The corre 
sponding component of displacement d, at the load-point P in the 
direction of P is observed with a microscope. It follows from 
elastic theory that 


d, 
UM = i a,’ 
where M is the bending moment that would be produced in a 


structure of the scale of the model. To convert this moment into 
the value for the full-sized construction, it is necessary to multiply 
by a quantity n, where the scale of the model is such that one unit 
of length of the model equals » units of length of the full-sized 
construction. Thus, if the scale of the model is such that ove 
inch equals three feet and if the unit load is expressed in pounds, 
the bending moment expressed in foot-pounds for the full-sized 
structure is equal to the value M, obtained from the model, multi 
plied by the quantity which, in this case, equals three. The values 
of V and H, however, are not subject to correction for the scale 
of the model. 

The direction, sense, or sign, of any stress component, may 
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be noted by observation of the deformation of the model. The 
microscopes employed in measuring deflections are optically 
inverting, so that the image in the microscope moves in an oppo- 
site direction from the observed load-point. Accordingly, the 
following practical general rule for determining the sense of any 
reaction or stress component has been formulated: If the image 
of the load-point in the microscope moves in the direction of the 
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Standard box of deformeter gauges. 


assumed load, the reaction component acts in the same direction 
as the corresponding displacement of the support. 

By observing simultaneously with several microscopes the dis- 
placements at various points of the model corresponding to pre- 
determined displacements at sections of unknown stress, influence 
lines for reaction and stress components may rapidly be obtained. 
Then by employing these influence lines in a manner well known 
to structural engineers, it is possible to compute readily the effect 
of any manner of concentrated or distributed loading, and also to 
determine where live loads should be placed to produce maxi- 
mum stresses. 
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The deformeter apparatus employed in connection with elastic 
models is illustrated in Figs. 2, 3 and 4. It consists of very 
precise means for producing known, but very small, displacements 
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Illinois Central R. R. model. 


at sections where stress is sought, and optical means for measur- 
ing the deflections of the model at assumed load-points. In Fig. 2 


is shown a standard set of deformeter gauges. In Fig. 3 is 


shown a model of an indeterminate frame connected to the defor- 
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Detail drawing of deformeter apparatus. 


meter gauges and in position for deformation readings. The 
manner of introducing and measuring displacements will be clear 
from the following description given in connection with Fig. 4 
In this figure is shown a model connected to a drawing board by 
a deformeter gauge and two clamps. It is desired-to find experi 
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mentally the components of the reaction at the foot of the elastic 
column due to any assumed load P on the structure. The 
deformeter gauge consists of two parallel steel bars, with pairs of 
opposing V-notches, held together by coil springs so as to allow a 
small relative motion between the bars. Very precise gauge plugs 
of accurately specified sizes (tolerance plus or minus 0.0002 inch) 
are provided for introduction between the gauge bars, for the 
purpose of producing predetermined amounts of thrust, shear, 
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and rotative displacement. The thrust and shear displacements 
employed in practice equal 0.0500 inch. The so-called “‘ fixed bar ” 
of the gauge is secured to the drawing-board by screws, marked aa. 
By means of a clamping plate, the model is attached to the movable 
bar of the gauge, if the support is assumed fixed; or by a needle 
point, if the support is assumed hinged. For the unstrained posi- 
tion of the model, two “ normal” gauge plugs remain in the two 
pairs of opposing V-notches of the gauge. The model is sup- 
ported in a horizontal plane by. steel balls rolling on glass, so that 
no friction will restrain the movements of the model. A filar 
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micrometer microscope is set up over the assumed point of applied 
load, and the fixed cross-hair of the micrometer, which is paralle! 
to the micrometer screw, is oriented parallel to the direction of the 
assumed load by sighting at a scribe mark on the model. (Refer 
to Fig. 4.) Suppose the vertical thrust component of the reaction 
at Y is sought. The “normal” plugs are removed from the 
gauge at this support, and a pair of smaller thrust plugs are 
inserted, so causing a vertical displacement of the support. The 
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Grand Fey Viaduct. 


moving cross-hair of the micrometer is now brought tangent to a 
reference mark on the model at the assumed load-point, and an 
initial reading of the micrometer is taken. The small thrust plugs 
are now removed and larger thrust plugs are inserted in the 
deformeter gauge. Thus is produced a predetermined amount of 
known vertical displacement at the support and a definite defor- 
mation of the elastic model. The reference mark will move across 
the field of view in some diagonal direction AC. The moving 
cross-hair of the micrometer is again brought tangent to the 
reference mark and a second reading of the micrometer is taken 
The difference between the two micrometer readings will be the 
component AB of the motion AC of the reference mark, this 
component being measured in the direction of the assumed load 
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The V component of the desired reaction now equals the applied 
load multiplied by the ratio of two known deflections, namely, 4B 
and the gauge displacement. In a similar manner, as indicated 
earlier in Fig. 1b, c, the other two components of this reaction 
may be found. 

The models used in connection with deformeter gauges are 
made of celluloid or fine quality cardboard. They are usually of 
constant thickness. The model is not necessarily a small-scale 


Fic. 7. 


Grand Fey model. 


reproduction of the actual structure, but its members are given the 
same proportions of stiffness as those of the actual structure by 
making the widths of the model members proportional to the 
cube roots of the moments of inertia of the actual cross-sections. 
It will be noted that the coefficient of elasticity both of the model 
and of the actual structure may be disregarded, for the ratio of 
deflections is independent of this coefficient. Cardboard for 
models has a thickness of about one-twentieth inch, and may be 
cut neatly by repeated strokes of a sharp thin-edged knife. Cellu- 
loid for models is used in thickness 0.080 inch to 0.100 inch, and 
may be obtained in the stock size 20 inches by 50 inches. Cement 
for welding together pieces of celluloid is also available. The 
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outline of a model may be scribed directly on the celluloid, and 
the cutting may be rapidly and accurately done with a standard 
type of portable jig-saw, taking power from an electric light 
socket. The motor-driven jig-saw is so efficient that only a few 
minutes are required for cutting simple models from either cellu- 
loid or cardboard. Well-seasoned celluloid is preferred because 
of its durability, but excellent results may be obtained with ten-ply 
cardboard of fine quality. 

The accuracy of analysis by elastic models is very satisfactory, 
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Arches for Richmond Station. 


as has been proved repeatedly by experiment and by calculation 
In Fig. 5 is shown a comparison of influence lines obtained by 
a model and by the usual theory for a concrete arch with fixed 
ends. This test was made at the Massachusetts Institute of 
Technology under the direction of Prof. Hale Sutherland, and the 
report about the experiment expresses satisfaction with the results 
obtained from the model. Many other trial tests in which the 
results of accepted theory have been compared with the results 
from models have been made in university laboratories and 
designing offices, and the consensus of opinion is that the results 
from the model are very close to the truth. For important results 
the experimental error does not exceed I per cent. 
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The deformeter gauge method may also be used to solve 
structures which are internally indeterminate. The gauge in this 
instance is attached to the intermediate cut section of the structure 
where the thrust, shear, and moment components of internal stress 
are sought. The gauge is mounted upon a frictionless bearing, 
so that it may move freely with the model structure as gauge plugs 
of various sizes are introduced between the gauge bars. This 
frictionless bearing may be made of two glass plates, such as 
used for lantern slides, with small steel bearing balls between 
them. The same simple equations as express the relation between 
assumed load and external reaction components also relate the 
assumed load to the thrust, shear, and moment components of 
internal stress. The method has thus been extended to the prac- 
tical solution of many problems involving internal indeterminancy. 
A notable example of this manner of solution is in connection 
with the recently completed Grand Fey Viaduct near Fribourg, 
Switzerland, shown in Fig. 6. The celluloid model and defor- 
meter gauge apparatus used for the analysis of this structure 
are shown in Fig. 7. Mr. Adolph Buhler, bridge engineer for the 
National Swiss Railways, reports that the working of the super- 
structure of this bridge with the arch itself greatly modifies the 
structural behavior of the entire construction, to such an extent 
that the classical theories of arch action are in this case greatly 
inerror. In the design of this great double-track railway bridge, 
the results obtained from a celluloid model Were followed 
with confidence. 

The method may be applied to the design of structures of 
other materials than reinforced concrete. In Fig. 8 is shown 
an unsymmetrical arch system designed to support the coal con- 
veyors of the new Richmond Station in Philadelphia. The 
design of this arch system was made from a study of the deflec- 
tions of a celluloid model made under the direction of Mr. Frank 
Kneas, structural engineer for John T. Windrim, Consulting 
Architect. Other examples of practical constructions in steel and 
reinforced concrete designed from models are now appearing in 
various parts of the world. The mechanical solution of the steel 
frames for supporting signals and electrification over the tracks 
of the Illinois Central Railroad, Chicago, and the design of frame 
bridges of reinforced concrete with the aid of elastic models, by 
Mr. Arthur G. Hayden, designing engineer of the Westchester 
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County Park Commission, are noteworthy: early applications of 
the method. The structures to which this method may be applied 
are of numerous types, but in general all forms of two dimen- 
sional indeterminate construction may be analyzed practically by 
model studies. In such a classification may be named the follow- 
ing: Continuous beams with variable moments of inertia; portals 
and building frames; tunnel and sewer sections; large penstocks ; 
arches of various types, including high arches with flying but- 
tresses ; machine and locomotive frames ; indeterminate frames for 
aeroplanes and dirigibles; special designs for resisting earth- 
quakes ; spoked flywheels of great diameter; continuous frames 
for subway construction ; Viereendel girders ; multiple arch frames 
for industrial buildings, etc. This list will undoubtedly be 
extended as new applications for the method are discovered by 
practising engineers or as new forms of structural framing 
are created. 


Chlorpicrin as an Insecticide.—Chlorpicrin or trichloronitrome- 
thane has been used in chemical warfare as a moderately toxic, 
somewhat lachrymatory, “ vomiting gas.” A. L. Stranp ( Univer- 
sity of Minnesota, Agric. Extension Div., Special Bulletin No. 102, 
1926, I-19) recommends the use of chlorpicrin as an insecticide for 
mill and household insects, and describes methods for its use in the 
fumigation of flour and cereal mills, upholstered furniture, and 
dwelling houses. The chlorpicrin is mixed with an equal volume of 
carbon tetrachloride and applied from an atomizing apparatus. The 
amount of chlorpicrin required per 1000 cubic feet of space is 1.25 
pounds for dwellings, 2 pounds when furniture is treated, and 5 
pounds for milling machinery. The period of exposure to the vapor 
should be six to twelve hours. | eB 


Food Laws of Pennsylvania—The revised Law Bulletin 
(Penna. Dep’t of Agric., General Bulletin No. 419, 1926, 91 pages ) 
contains the laws of Pennsylvania concerning foods; butter; reno- 
vated butter; carbonated beverages and still drinks; cheese; coffee 
and chicory; cold storage; fresh eggs; eggs unfit for food; fresh 
meat, poultry, game and fish; fruit syrup; ice cream; imitation 
dairy products; lard; milk containers; milk and cream; filled milk ; 
milk testing ; non-alcoholic drinks ; oleomargarine ; oysters ; sausage ; 
vinegar ; and bottling establishments. The rules and regulations ot 
the Department for the enforcement of the food and cold storage 
acts are also given. The value of the Bulletin is increased by a 
digest of court decisions on the food laws. 5. oA. 


PROPAGATION OF DETONATION ACROSS AN AIR- 
GAP BETWEEN TWO CARTRIDGES 
OF EXPLOSIVE. 


BY 
G. ST. J. PERROTT and D. B. GAWTHROP. 
Assistant Chief Explosive Chemist, Assistant Explosive Engineer, 
Viiaieal Bennlnant Miation. Patssardh Mepenest tention, 

One of the important physical characteristics of a mining 
explosive is its sensitiveness to detonation by influence. Although 
this property has been studied by a number of investigators, nota- 
bly Berthelot,’ Munroe,? Dautriche,* Comey, and Laffitte,” 
further quantitative data as to the behavior of this phenomenon 
are needed. 

During their experimental work on photography of flames 
from explosives ® and a photographic method of determining the 
rate of detonation of explosives,’ the present writers had observed 
a luminous phenomenon issuing from the mouth of a cannon in 
which a charge of explosive had been fired, and also in an air 
space between two cartridges of explosive confined in a glass 
tube. This phenomenon, which in the case of the cannon shots is 
usually called a ‘‘ flame ” and believed to consist of reacting gases 
and solid particles raised to incandescence, is often propagated at 
a rate considerably greater than the rate of detonation of the 
explosive. Laffitte, in discussing photographs of the detonation 
of explosives contained in small glass tubes, has expressed the 
opinion that the “shock wave” sent out by the explosive 

, Berruetot, M., * Explosives and Their Power,” English translation, 
p. 75, John Murray, London, 1892. 

*Muwnroe, Cuartes E., J. Am. Chem. Soc., 15, 10-18 (1893). 

*Dautricue, H., Compt. Rend., 144, 1030 (1907). 

‘Comey, A. M., 7th Int. Cong. Appl. Chem., London (1909), Sec. 111 b, 


p. 28. 

*Larritte, P., Compt. Rend., 178, 1277-1279 (1924); Ann. des Phys., 4, 
587-604 (1925). 

* Perrott, G. St. J., Amer. Inst. Min. and Met. Engineers, October meet- 
ing, 1926. 

* Perrott, G. St. J., and Gawtnrop, D. B., Jour. Frank. Inst., January, 
1927, p. 103. 
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compresses the air in the tube to such an extent as to make 
it incandescent. 

This paper describes a study of the velocity of propagation 
of detonation across an air-gap between two cartridges of dyna- 
mite. The cartridges were 1% inches in diameter by 8 inches 
long, which is the size commonly used in many mining opera- 
tions. In part of the experiments the cartridges were wrapped 


Fic. 1. 
Detonator Wires to Mettegang recarder 
Me LLL 
BE LL, WLLL ZA 
© ZAZA — WIZZ 
D>~—YZWZA Wz 
o 6” _— Air Explosive 
E - 
3” 9” 3” 
G LOVIN LLL EEL 
-—— 29.5”- 
+ i 


Detonation across an map Sane of arranging charges for determination of rate of 
nation by Mettegang recorder. 
in Manila paper with air-gaps of varying length between them 
while in other experiments the explosive was contained in glass 
tubes. The experimental work consisted of measurement by 
Mettegang recorder and by the photographic method. 


MEASUREMENT BY METTEGANG RECORDER. 


The Mettegang recorder makes the records on a rapidly 
revolving smoked drum, of sparks produced by breaking of fine 
wires carrying current which are threaded through the explosive 
at known distances apart. In the procedure finally adopted, two 
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cartridges of explosive 1% inches in diameter and 7 inches long 
were rolled in two thicknesses of Manila paper with an air-gap 
between them (Fig. 1). The crimped paper had been cut off 
from the adjacent side of the cartridges so that the bare explosive 
mixture Was exposed on each side of the air-gap. The length 
of the air-gap was varied from 1% inches up to the distance at 
which detonation failed to take place in the second cartridge. It 
had been found from previous tests that the wires must both be 
threaded through the explosive. Erratic results were obtained 
if either or both wires were placed in the air-gap. Hence, the 


TABLE I. 
Preperties A! Explosives Used im manent. 


| | 
Explosives. | 1a | 1b | 2a | 2b | 3a | 36 | 4a | 40,Per Cent. 


} Dynamite. 

Chemical analysis, per cent.: | | 

ES Ch a Kkals 6 + < Sein 0.5 | 0.5 | 0.4 | 0.4 | 0.5 | 0.5 | 0.6 | 0.8 
Nitroglycerin and _nitropoly-| | 

Ee ee eee |10.0 | 9.4 | 19-5 | 9.9 39.2 
Nitroglycerin and ethylene! | 

glycol dinitrate............ 10.1} | 9.5 | | 9.0 
Ammonium nitrate.......... 76.4 |75-9 |77-9|77-8 |71.0 |70.9 |69.9 | 
Sodium mitrate...............} 2.9 eye ky es ae eat Seay cae 
Sodium chloride. . ceneeefeceafeeecfecesfe eee] Qe [10.1] 9.6 | 
Calcium carbonate. . 0.7 | 0.7 | 0.4 | 0.4 | 0.4 | 0.4 | 0.7 | 1.2 
Carbonaceous combustible) | | 

material . , 19-5 | 9-7/1 9.3 | 8.9/9.3 | 9-1 | 9.3 | 14.7 
Apparent density, grams “per! 

aS eo er ee '1.00 1.01 |0.80 |0.80 a he 1.01 | 1.34 
Rate of detonation, metres per| 

second. Bice a cciee -.|3480 3480 1670|1790 1749)1750 2820) 4840 


matin: indicated in Fig. 1 was employed and all original data 
include the velocity of propagation over a certain length of 
explosive and a certain length of air-gap. By making use of the 
determined value for the rate of detonation of the explosive, the 
rate of propagation of the disturbance across the air-gap can be 
calculated. The distance over which the rate was measured was 
not less than 12 inches. The length of the initiating end of the 
charge was the same in all cases. 

The explosives used were a 40 per cent. straight nitroglycerin 
dynamite and seven explosives of the ammonium nitrate-nitro- 
glycerin type. Four of the latter (designated by a in Table I) 
contained nitroglycerin and nitropolyglycerin, and of the remain- 
ing three samples (designated by b) each was a duplicate of one 
of the nitroglycerin-nitropolyglycerin samples, except that it con- 

VoL. 203, No. 1215—28 
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tained ethylene glycol dinitrate in place of nitropolyglycerin. 
Table I gives data of chemical analysis, density, and rate 


of detonation. 
TABLE II. 


Rate of Detonation of Column of Two Cartridges of Explosive 3a Separated by 
an Air-gap. 


Air-gap, inches. 12 


Rate of detonation of explosive plus 
air-gap, metres per second ‘ 1780 

2 shots 
failed 

| to deto- 

| nate 


sati 1750 
Average deviation (a.d.).......... ag 
Per cent. average deviation 
Average deviation of the mean (a.d.) 


per cent. 
Calculated average velocity over 
air-gap, metres per second 1730 | 3050 2230! 1800 


Table II gives the results of individual determinations made 
with explosive 3a for air-gaps of 0, 114, 3, 6, 9, and 12 inches, 
arranged as shown in Fig. 1. 


TABLE III. 
Rate of Detonation of 1 Two Cartridges of Explosive cos eo by Air- “sap. 


: ; 


tener | 6 fas| ao] s |asfas| | 24] 2 | 26 | « 
Average rate of | 
explosive) 

plus air- | aK ie 

gap—_ fas ef 

Explosive Ia 3480). .. | 13470 3470 3390*| 
16/3480). . . .|3400 3490 3500 40 3370) 
2a\1670) 1740 1800/18 

2b| 1790) 1900/2020 2080|2065 | ae | 


3@| 1730) 1830) 1900|2050\2000 |1780) 
- 1750/1905/ 1955/21 10/2135 |2015| 
4|2820).. . .|2750/2810 pee |2700) 
40 per ouch. | | 

dynamite. . -|4840). - |4830 4780). ++ 14440)... .|4020/3590:282023602190 1530 


j 
| 


*Average of two determinations only. Probably that actual average rate is about 3480. 


The second cartridge did not detonate when the air-gap was 
increased beyond 12 inches. The average rates given under the 
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columns representing the various air-gaps are the rates of propa- 
gation between the two copper wires threaded through the two 
cartridges of explosive and hence are the resultant of the rate 
of propagation through the length of explosive included between 
the wires plus the rate of propagation of the shock wave across 
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2 


the air-gap. Calculation of the rate of propagation across the 
air-gap is carried out as follows: 

For example, in Table II the rate of the explosive alone is 
1730 metres per second, while when a 3-inch air-gap is employed 
as shown in Fig. 1c, the rate was 1900 metres per second. This 
latter value was obtained over a distance of 12 inches, which 
included 3 inches of air-gap and 9 inches of explosive. As there 
are three lengths of explosive to one of air-gap, and if we call x 
the rate of propagation across the air-gap in metres per second, 
we may write the following equation between the time intervals 
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required for the impulse to travel across the explosive, the air- 
gap, and explosive and air-gap, respectively. 
3 1 4 


1730 | x 1900 
x = 2700 metres per second. 
This value, 2700 metres per second, is the average velocity 


of propagation of the shock wave over a 3-inch air-gap. Similar 
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values have been calculated for the 6-, 9-, and 12-inch gaps. The 
rate of propagation of the shock wave across the air-gap is thus 
shown to be considerably greater than the rate of detonation of 
the explosive over the first 9 inches of air-gap and even at 12 
inches, where the second cartridge detonated only in one shot out 
of three, the average velocity of the shock wave is about equa! 
to that of the explosive. 

Average values are given in Table II. For example, the 
velocity over the 9-inch gap, 2230 metres per second, is the 
resultant of higher velocities over the first part of the gap and 
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lower velocities over the latter part of the gap. If the decrease 
in velocity across the gap were linear, then the value 2230 would 
represent the actual or instantaneous velocity at a point in the 
air-gap 4% inches from the end of the first cartridge. To 
indicate better the values of the velocity at different points in the 
gap, a series of “ instantaneous ”’ values have been calculated over 
3-inch intervals. For this purpose a smooth curve is drawn 
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through the average values as given in Table II, and calculations 
made as follows: 

For example, the average velocity over a 9g-inch air-gap is 
2230 metres per second and over a 12-inch air-gap is 1800 metres 
per second. The average velocity over the interval g—12 inches 
or the instantaneous velocity at a point 10% inches from the end 
of the first cartridge is calculated as follows: 


ee yy 


394 PERROTT AND GAWTHROP. [J. F 


whence x, the velocity over the 9—12-inch region, equals 1140 
metres per second. 

Averages of the original data are given in Table III. At 
least three determinations were made to obtain these averages, 
and in many cases as high as eight separate determinations were 
made. The average deviation of the mean (a.d.) was in all cases 
1.25 per cent. or less. The calculated values for average velocity 
across the air-gap were then plotted as smooth curves and from 
these curves, the instantaneous values for the velocity at different 
points in the air-gap were calculated and set down in Table IV 
and plotted in Figs. 2, 3, and 4. 


DISCUSSION OF STUDY BY METTEGANG RECORDER. 


Conclusions to be drawn from the foregoing data are as 
follows : 

(1) For certain explosives of low rate of detonation, about 
1700 metres per second, the velocity of propagation across an 
air-gap between two cartridges is at first considerably higher 
than the rate of detonation of the explosive and falls off regularly 
until the second cartridge fails to detonate. 

(2) For explosives with a rate of detonation around 3000 
metres per second the velocity across the air-gap is about equa! 
to that of the explosive over an interval of 4% to 7% inches 
from the end of the initiating cartridge. It then falls off regu 
larly until the second cartridge fails to detonate. 

(3) For an explosive of high rate of detonation, 4800 metres 
per second, the velocity in the air-gap is equal to that of the 
explosive for about 1% inches, after which it falls off linearly 
until a gap of 27 inches is reached, after which the rate o! 
decrease of velocity is less rapid until at a gap of 48 inches the 
second cartridge does not always detonate. The velocity over the 
interval 42—48 inches is about 730 metres per second. 

(4) Explosives that contain ethylene glycol dinitrate as a 
low-freeze ingredient propagate across a greater air-gap than do 
similar explosives containing nitropolyglycerin and maintain a 
higher average velocity across the air-gap. This is particularly 
evident in the case of the explosives of low rate of detonation. 

These results are borne out by an interesting series of experi 
ments in which a charge was made up which consisted of 4-inch 
lengths of explosive separated by 3-inch air-gaps. If the results 
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plotted in Figs. 3 and 4 be considered, such a charge should 
detonate at a higher rate than a solid column of explosive if a 
low-rate explosive is used. Three determinations each were made 
on charges of explosive 2a, (1) with no air-gaps and (2) with 
four 3-inch air-gaps (Fig. 1, G and H). In the latter case, the 
length over which the rate was measured included 17.5 inches of 
explosive and 12 inches of air-gaps. The rate for the solid 
explosive column was 1650 metres per second, while the rate of 


TABLE IV. 


Calculated ‘‘Instantaneous'’ Values of Velocity of Propagation of Disturbance 
across Air-gap. 


Interval, inches..... | © O-1.5/ 0-3 | 0-6/| 3-6/ 3-9/ 6-9 6-12/9- 12\9-15 12-15 
Mid-point........... | © 0.751 1.5) 3 145) 6 17-5] 9 |10.5| 12 | 13.5 
Velocity of propaga- 
tion, metres per 
second— 
Explosive ta...... .|3480 .. . .|3480/3480/3480/3480/3480 
1b.......|3480 ....|3480)3480/3480) 3480) 3480) 3420| 3360/3130 2920 
2a.......|1670, 2450|2350|/2100| 1900 | 
2b... ... .|1790| 3400}3200|2760|2420| 2040) 1760) 1420/1200 
3a... ... .|1730 3050|2700/2510|2350/2050| 1840/1410|1140 
Gs oe 4 1750 3140)3000/2760)2540/2300/2100| 1820/1610 
Set \2820 . . . .|2820|2820|2820|2820|2820|2480/2220 


the column containing the air-gaps was 1880 metres per second. 
The rate of propagation across the air-gaps is thus 2350 metres 
per second, which checks closely with the figure given in Table IV 
for the value of the velocity of propagation across a 3-inch gap. 


MEASUREMENT BY PHOTOGRAPHIC METHOD. 


In order to check the conclusions from tests with the 
Mettegang recorder and to record the physical appearance of the 
phenomenon, experiments were carried out by the photographic 
method referred to in the introduction. In general, the method 
of preparing the charge was as follows: Two or three cartridges 
(1% by 8 inches) with the ends cut off were wrapped in two 
thicknesses of Manila paper with the desired air-gap between 
adjacent cartridges. A No. 6 electric detonator was placed in 
the bottom end of the lower cartridge. The whole was suspended 
vertically in the air and a photograph of the detonation taken 
both on a fixed plate and-on a film moving at 20 metres per 
second. Fig. 5 shows photographs of the detonation of two 
cartridges of 40 per cent. ammonia dynamite with 6- to 30-inch 
air-gaps between the cartridges. The figure shows that the shock 
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wave travels for the first 6 inches at about the same rate as the 
explosive, falls off fairly regularly until a gap of 24 inches is 
reached, and then somewhat more slowly over the next 6 inches. 
The second cartridge failed to explode at distances greater than 
30 inches. 

Attention is called to the bright spot near the lower end of 
the upper cartridge which sometimes shows up as an umbrella- 
shaped surface in the pictures on the fixed plate, which is probably 
due to the meeting of the expanding gases from the upper 
cartridge with the remainder of the upward moving gases from 


TABLE V. 


Rate of Propagation of Disturbance across an Air-gap between Two Cartridges by 
Photographic Method. 


(A) Average velocity from top of lower cartridge to bottom of upper cartridge. 


Air-gap, inches. | o | 6 12 18 24 | 30 36 | 48 
Velocity, metres/sec. | 
(a) 40 per cent. ammonia 
dynamite ..........| 3600 | 3500 | 3400 | 2800 | 1800 | 1400 | 
(b) 40 per cent. nitro- | | 
glycerindynamite...| 4600 | 4600 | 3800 | .... | 3000 | .... | 2000 | 1200 


(B) Velocity over 6-inch intervals calculated from data in A. 


| 
Interval, inches. ° 2 6-12 


12-18 


| | , 
12-24 '18- 24,24-—30)24-—36/ 36-48 


Velocity, metres/sec. | 


(a) 40 per cent. ammonia| 3600 | 3500 | 3300 | 2100 | .... | 870/740] ... | 
(6) 40 per cent. nitro- | | 
CEPCME . teva aca >» | 4600 | 4600 | 3300 | .... | 2§00)...|... 1200/| 550 


the lower cartridge. Measurement of the photograph shows that 
this bright spot is not in the position occupied by the bottom of 
the upper cartridge, but is below the upper cartridge. 

A similar series of experiments was carried out with 40 per 
cent. straight nitroglycerin dynamite. 

The calculated values for the rate of propagation of the dis- 
turbance between cartridges are shown in Table V, A and B. 
The values for 40 per cent. nitroglycerin dynamite agree fairly 
well with those obtained with the Mettegang recorder. The 
sample of dynamite used detonated at a somewhat lower rate than 
that used for the work with the Mettegang recorder. 
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Fig. 6 shows three cartridges of permissible B in a pap: 
tube separated by a 12-inch air-gap between adjacent cartridges 


gap Moring oving film, ' 12” gap 
~ Figure 6.- Permissible ‘B’ 


The average rate of detonation of the explosive, including th 
air- gaps; was found to be 2750 metres per second from measur« 
ments made on the negative, as compared with 2980 metres pe! 
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second for the explosive itself. Fig. 7 is a similar photograph 
of permissible D separated by a 6-inch air-gap. Six inches was 
found to be the limit of propagation of detonation through an 
air-gap for this explosive. The average rate of detonation of the 
explosive and air-gap was 2400 metres per second from measure- 
ments made on the negative as compared with 2040 metres per 
second for the explosive itself. Both Fig. 6 and Fig. 7 show 
bright or umbrella-shaped light spots between the cartridges of 


Still plate Moving film ~~ 
Figure 8.- Detonation from opposite ends simultaneously, - 
40 per cent nitroglycerine dynamite, 36” air gap. 


explosive. Fig. 7 especially shows up well; the bright spot is 
more luminous than the light given off by the explosive. The 
results of these two experiments agree well with tests made on 
the Mettegang recorder with explosives of nearly the same rate. 

Fig. 8 shows a photograph obtained by detonation from 
opposite ends simultaneously of a column consisting of two 1% 
by 8-inch cartridges of 40 per cent. nitroglycerin dynamite sepa- 
rated by a 36-inch air-gap. The bright spot near the upper car- 
tridge indicates the point where the gases met. 

Fig. 9 shows 6- and 12-inch air-gaps between two cartridges in 
a paper tube in which the upper cartridge was a dummy made 
of kieselguhr in a paper wrapper. As there was no explosive 
in the upper cartridge it was desired to observe whether a bright 
or umbrella-shaped spot of light would occur between‘ the two 
cartridges. Such was not the case; the bottom of the upper 
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cartridge shows a luminescence effect but the light spot is no 
of the same shape or in the same position. It shows the san 
straight line always obtained when the gaseous products are 
projected against any solid object. 

Fig. 9 also shows that increased luminosity results when th 
gases are projected against a solid object, while Fig. 8 shows 
increased luminosity when detonation waves meet. At this meet 


Still plate, 6” gap. ‘Moving film. 6” ge 


Figure 9.- 40 per cent nitroglycerine dynamite, upper 
cartridge a dummy. 


ing point an increased concentration of combustible gases would 
result and an increased pressure and thus we should expect a 
more intense light effect. 


EFFECT OF CONFINEMENT. 
In the work previously described, the explosive was wrapped 
in two thicknesses of Manila paper, which would offer only slight 
confinement to the explosive and gases. The next question which 
naturally arises is, what will be the effect of confinement on th 
phenomenon of propagation across an air-gap? Preliminary 
tests by the photographic method in which the explosive wa: 
confined in a glass tube were made as follows: 
For the photograph in Fig. 10 a glass tube 1 inch in diamet 
and 47 inches long was loaded at one end with 40 per cent 
standard dynamite for a distance of 12% inches. The tube was 
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suspended from a vertical wire with the explosive at the bottom 
end of the tube. The luminous effect in the glass tube extends 
35 inches from the end of the explosive charge. Its velocity is 
very high at the start, with a gradual decrease over the length of 
the luminous part of the tube. The velocity of the first 2 inches 
of the luminous effect is approximately 6000 metres per second 
compared with 4170 metres per second for the velocity of the 


Explosives confined in glass tubes. 


explosive. The velocity of the last 4 inches of the luminous part 
of the tube is approximately 2500 metres per second. 

Fig. 11 is a similar glass tube with two charges of 40 per 
cent. standard dynamite and an air-gap between them. A 12-inch 
charge of 40 per cent. standard dynamite was loaded in one end 
of the tube followed by another 12-inch charge 21% inches from 
the first charge. This photograph also shows the increased veloc- 
ity of the luminous effect in the glass tube over the rate of detona- 
tion of the explosive for a short distance along the length of the 
tube. The average rate of detonation between the centres of the 
explosive charges was found to be 3700 metres per second; the 
average rate of detonation of the explosive from measurements 
made on the negative was 3800 metres per second. The latter 
determination was made measuring the rates of the two charges 
12 inches long and averaging the results. The average velocity 
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of propagation over the 214%4-inch air-gap is almost the sam 
as the rate of detonation of the explosive. 


Explosives confined in glass tubes. 


Still plate/ Moving | 


Figure 12.- Permissible ‘D’ 
Explosives confined in glass tubes. 


In both Figs. 10 and 11, it should be noted that the po 
of initiation, that is, the location of the detonator, was not at th 
zero mark on the metric scale on the photograph. The botton 
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of the tube was not closed and the flame from the explosive 
projected downward is evident in the photographs. 

Fig. 12 is a charge of 14% inches of permissible D in a glass 
tube, I inch in diameter. The length of the luminous effect in the 
tube is much shorter and the relation between its rate of propa- 
gation and the rate of detonation of the explosive is proportion- 
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ately higher than was found with 4o per cent. standard dynamite. 
The rate of propagation of the luminous effect is approximately 
4500 metres per second for the first 2 inches of its length com- 
pared with a rate of propagation of 2000 metres per second for 
the explosive. The presence of lead tetraethyl or carbon tetra- 
chloride in the tube destroys the luminous effect. 

Fig. 13 is a charge of 40 grams of 40 per cent. standard 
dynamite shot in a cannon with a glass tube extending out of the 
borehole of the cannon. The cannon had a borehole 7 inches deep 
and 1% inches in diameter with a glass tube 1 inch inside diame- 
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ter and 5 feet long placed in the borehole. The luminous effect 
in the tube is similar to that of Fig. 10, with the exception that 
the gaseous products of the detonation of the explosive must 
emerge through the tube before it is broken or in the space fo: 

merly occupied by the tube if it breaks first. The lumino. 

darts all along the sides of the tube indicate the reaction of gases 
after the tube has broken. This shows that the reacting gases 


Still plate oe Moving film 
Figure 14,- Permissible ‘D’, part of tube 
containing explosive is in steel cannon. 
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were propagated through the tube first at high velocity befor 
it broke, otherwise they would not give luminous effects at s 
great a distance from the borehole. 

In Fig. 14, a short glass tube that extended 21 inches beyond 
the mouth of the borehole was used in place of one 5 feet long 
Permissible D with a low rate of detonation was used in place 
of 40 per cent. standard dynamite. Here the velocity of the 
luminous effect in the tube is 5400 metres per second, compared 
with 2010 metres per second, the velocity of the explosive. Ther 
is a flame coming from the top of the tube with no time interval 
between it and the luminous effect at the top of the tube, whic! 
would seem to show the presence of reacting gases in the tulx 
propagated at the velocity of the luminous effect. 
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DISCUSSION OF PHOTOGRAPHIC STUDY. 


Photographs on a moving film in general confirm the results 
obtained with the Mettegang recorder, which are, for explosives 
detonating at a rate of 2000 metres per second or less, the propa- 
gation of the disturbance across an air-gap is at first faster than 
the rate of detonation of the explosive. 

When the explosives are confined in glass tubes, the speed of 
the disturbance is considerably greater than the rate of detonation 
of the explosive and is maintained for a longer distance. In this 
case, a luminous phenomenon is propagated through the air-gap 
in the tube and seems to be coincident in time with the disturb- 
ance responsible for detonating the second cartridge. 

Laffitte * believes that the pressure wave or shock wave sent 
out by the explosive raises the temperature of the air by com- 
pression to such an extent that it becomes luminous. The writers 
do not favor this explanation, but do not at present have con- 
clusive proof of any other mechanism. It is their belief, however, 
that for the extremely brief time-intervals involved, the glass tube 
offers such confinement that the gases from the explosive are 
projected up the tube and that the luminous phenomenon in the 
space above the explosive is due to the reacting gases. The fol- 
lowing experimental facts are of interest in this connection: (1) 
If the glass tube is placed in a steel cannon so that the gaseous 
products of detonation are projected through the tube, a luminous 
phenomenon is propagated from the end of the tube with no time 
interval between it and the luminous phenomenon in the tube. 

(2) Luminous darts along the sides of the tube indicate that 
reacting gases were projected up through the tube before it 
broke. (3) Flames of explosives fired in a steel cannon are 
projected from the cannon at a higher rate than the rate of 
detonation of the explosive when the explosive is near the mouth 
of the borehole and at a lower rate when the explosive is further 
from the mouth.® 

Further experimental work in connection with this phenome- 
non is in progress and measurements with the Mettegang recorder 


*See reference 5. 
*See reference 6. 
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are being extended to the case of propagation across an air-gap 
between cartridges of explosive confined in Shelby steel tubes. 

This investigation was undertaken at the suggestion of 
Dr. Charles E. Munroe, Chairman, Committee on Explosives 
Investigations, National Research Council. 


A Low Voltage Arc in Vacuum. K. L. Wor. (Zeit. f. Phys., 
39, No. 12, 1926.)—In experiments on the electrical excitation of 
iron vapor a tube of Acheson or Siemens graphite with an external 
diameter of 20 mm. and an internal diameter of 12 mm. was kept at 
a temperature of about 2000° C. by the passage of a current of 1000 
amperes under a potential difference of 10 volts. With the passing 
of time this tube grew thinner in the middle and finally burned com- 
pletely through, and an arc formed between the resulting ends. If the 
voltage was raised to 15, at the moment of the appearance of the arc, 
it could be maintained for a long time. By regulating the field excita- 
tion of the dynamo providing the current both the voltage and the 
current were so raised as to keep the arc burning as the tube continued 
to waste away. Thus the tube finally disappeared completely and the 
arc burned between the carbon blocks that had supported the tube. 
Then its length was 15 cm. with 18 volts and 900 amperes. For the 
preservation of other parts of the apparatus it was necessary to stop 
the intense illumination after 30 or 60 minutes. In this experiment 
the arc was in a space kept at a pressure ranging from .O1 to .1 mm. 
of mercury. 

Advantage was taken of the above-mentioned intense arc to stud) 
the line 4267 A.U. of the carbon spark spectrum. Photographed by 
a Rowland plane grating the two components appear distinctly separ- 
ated. The difference in their wave-lengths is .231 A.U., and one of 
them is more than twice as intense as the other. G. F.. S. 


Crude Oil Production—The American Petroleum Institute 
estimates that the daily average gross crude oil production in the 
United States for the week ended February 19th was 2,472,000 barrels 
as compared with 2,462,250 barrels for the preceding week, an in- 
crease of 9750 barrels. The daily average production east of Calli- 
fornia was 1,832,000 barrels, as compared with 1,820,750 barrels, an 
increase of 11,250 barrels. 

The estimated daily average gross production of the Mid-Conti- 
nent field including Oklahoma, Kansas, Panhandle, North, West 
Central, East Central and Southwest Texas, North Louisiana and 
Arkansas, for the week ended February 19th was 1,488,150 barrels, 
as compared with 1,468,250 barrels for the preceding week, an in- 
crease of 19,900 barrels. The Mid-Continent production, excluding 
Smackover, Arkansas heavy oil, was 1,386,050 barrels as compared 
with 1,365,700 barrels, an increase of 20,350 barrels. 


A NOTE ON THE MEASUREMENT OF SMALL 
TIME INTERVALS. 


BY 


PHILIP P. QUAYLE. 


Assistant Physicist, Sound Section, Bureau of Standards. 


On account of many discrepancies in the literature on the 
subject, the Sound Section of the Bureau of Standards has 
undertaken an investigation of the effects of temperature and 
amplitude on the frequency of tuning-forks of various materials. 
For this purpose it is necessary to have a standard of time of 
high accuracy. 

We frequently read accounts of short time measurements 
with tuning-forks, clocks, etc., in which very high accuracies are 
claimed. However, it must be kept strictly in mind that measure- 
ments of this type represent the average over the period and 
convey no information whatever as to the variations from second 
to second. While the best chronometers may keep time very 
accurately over relatively long periods, the variation from second 
to second of the signals they furnish, may be of the order of 
0.002 second, an error unfitting them for work of the highest 
precision over short intervals. 

The standard of time with which the above-mentioned investi- 
gations at the Bureau of Standards were begun consisted of a 
very expensive break circuit chronometer of one of the most 
approved makes. Using this instrument, a point was soon reached 
at which the uncertainties in the time interval completely masked 
the phenomenon under investigation. 

The free pendulum is doubtless the most accurate timekeeper 
known at present, but due to its relatively slow motion the diffi- 
culties of applying it to very short time measurements has here- 
tofore been great. It is true that if the frequency of a fork is 
already accurately known, certain types of apparatus have been 
devised whereby the precision may be somewhat extended. How- 
ever, in general, in rating a tuning-fork against a pendulum send- 
ing flashes directly into a high-speed camera, not only are we 
unable to determine in what fraction of a fork cycle the second 
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terminates, but we often cannot identify the nearest ten cycles 
in which the period comes to an end. With the apparatus 
described in this paper this difficulty is removed and we have 
available a time standard applicable to a very great many types 
of investigation. 

Generally speaking the apparatus described in this paper is 
not unfamiliar but the application is believed to be somewhat 
unusual and likely to be of interest in the precise measurement 
of short time intervals. 

The use of a photo-electric cell actuated by flashes from a 
pendulum for the distribution of time signals is of course by no 
means new. Arrangements of this kind have been employed 
by some of the industries for a number of years and for the 
degree of accuracy required have apparently given satisfaction 
However, all of these systems of which we are aware have 
utilized the current from the cell to operate a relay of some kind 
Even the best of relays fitted with jewelled bearings and operat 
ing under ideal laboratory conditions show an extreme variation 
of a few ten-thousandths of a second. The ordinary relay with 
out these refinements may easily vary several thousandths of a 
second. Hence it will be evident that the great accuracy of a free 
pendulum is by no means conserved by a relay of the type 
just mentioned. 

The free pendulum employed in this work was obtained 
from the Coast and Geodetic Survey and swings in vacuo. ‘The 
pendulum bob has a steel knife edge let into its lower side, the 
blade of which registers with a similar stationary knife edge 
adjustable from the outside of the pendulum case. 

By means of a 400-watt projection lamp and suitable lens an 
image of one of the lamp filaments is formed on the knife edges 
When the pendulum is swinging the light passes through the 
pendulum case for one-quarter second and is then cut off for a 
like period. 

The beam of light which passes through the pendulum case 
falls on a potassium hydride photo-electric cell suitably connected 
to a three-stage resistance coupled amplifier. A step-down trans- 
former of approximately 100 to I- ratio is placed in the output 
circuit of this amplifier and the output leads are connected to a 
standard General Electric oscillograph element. The light beam 
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from this element is received on a special high-speed camera ' 
which takes a four-inch film five feet in length. By means of the 
spiralling drum with which this camera is equipped a record forty 
feet in length is readily obtained. The oscillograph element just 
mentioned vibrates about a vertical axis and at each swing of 
the pendulum the beam whips across the camera shutter, making 
an almost horizontal line on the rapidly moving vertical film. 
Due to the electrical constants of the circuit the beam does not 
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return across the shutter as rapidly as it starts, and hence it is the 
start to which all measurements are referred. 

The manner in which portions of the apparatus have been 
assembled is shown diagrammatically in Fig. 1. The photo- 
electric cell is of the potassium hydride gas-filled type and was 
furnished through the courtesy of the Lynn Works of the General 
Electric Company. This cell is suitably mounted in a metallic 
case and when the light is off its resistance is practically infinite. 
The so-called dark currents are negligibly small. 

Under the stimulus of the light, the cell becomes conducting 
with a resulting fall of potential on the grid of the first tube. 


‘FE. A. Eckaror, “A Precision High-speed Oscillograph Camera,” 
Jour. Frank. Inst., July, 1922. 
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The pulse thus started is amplified and, by means of the special! 
step-down transformer in the output circuit of the last stage, 
operates the oscillograph element as already described. 

The tubes in stages T, and T, are type 102-D Western Elec- 
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tric Company, and those in the last stage are type 205-D Western 
Electric Company, and are connected in parallel. 

In the initial test of the pendulum system two entirely inde 
pendent tuning-forks were rated against the pendulum simulta 
neously. If only one fork is rated against the pendulum and 
we find that successive seconds do not contain an equal number 
of vibrations, we should not know whether the fork or the pendu 
lum apparatus were at fault. If, however, two forks are rated 
against the pendulum simultaneously, and we find that when a 
given interval contains too small a number of vibrations with 
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one fork it also contains too small a number of vibrations of the 
other, then we may assume that the fault lies in the pendulum 
apparatus. If the residuals of the two forks for corresponding 
seconds show a chance distribution of sign, we may reasonably 


Fic. 3 


oo 


Photographic record of the oscillations of the tuning-forks against the pendulum. The apiiiens 

of the pendulum transits to which all measurements are made are marked with a“ T”’ 
assume that the discrepancies are due, at least in large part, to 
the forks themselves. 

Proceeding in this manner the records given below have 
been obtained. 

It may be well to state at this point that the actual motions 
of the forks themselves were not recorded, but in reality their 
driving currents. Each fork was driven by a suitable vacuum 
tube drive such as is indicated in Fig. 2, and proved to be remark- 
ably steady. The operation and theory of this type of circuit 
has been discussed by Butterworth? The plate and filament 
supply for the 259-cycle fork was taken from the 220-volt power 
mains while the 217-cycle fork was provided with separate A 
and B batteries. In the plate circuit of each fork drive a step- 
down transformer was inserted, the output of which was used to 
drive a separate oscillograph element registering the variations in 


2 London Phys. Soc., 32, 1919-1920. 
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plate current for that particular fork drive. The type of drive 
indicated in Fig. 2 has the advantage that it is entirely dependent 
upon the actual motion of the fork, while some other forms will 
continue to oscillate after the fork has been removed from 
its mounting. 

In Fig. 3 is shown a portion of a film record obtained by this 


method. The actual values as determined by a small comparator 
are given below. 


September 20, 1926. 
Temperature, 24° C. 
Fork. 
-.00 
—.O!I 


Mean 259.10 Mean 217.49 


Contrary to what we would naturally expect, the 259-cycle 
fork operating on the power mains apparently maintains its fre- 
quency with fully as much precision as the 217-cycle fork driving 


on separate A and B batteries. 

The amplifier used in these experiments was carefully shielded 
and the shield grounded. Nevertheless, the greatest care must be 
exercised to avoid stray fields if the maximum precision is to be 
obtained. For instance, it was found that even when the camera 
driving motor was cut off and the solenoid shutter operated by 
hand, a sufficient electromagnetic field was set up so that the first 
second in every trial was always long by as much as four parts 
in 25,000. As soon as such disturbing influences were eliminated 
the abnormal first second disappeared. 

The probable error of the mean of the five observations given 
above is less than one part in 40,000 for each fork. 

It will be evident that very accurate time signals could be 
distributed from such a system if desirable. 

The writer is indebted to Mr. Harold Wheeler and Mr. 
Vernon Whitman for their kind interest and suggestions in the 
initial experiments. 
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THE SIGNIFICANCE OF THE: DIELECTRIC CONSTANT 
OF A MIXTURE.* 


BY 


HOMER H. LOWRY, Ph.D. 


Bell Telephone Laboratories, Incorporated. 


IN MANY cases it would be of great value to be able to 
calculate either the dielectric constant of a mixture of substances 
of known dielectric constants or, knowing the dielectric constants 
of a mixture of two components and that of one of the com- 
ponents, to calculate the dielectric constant of the other. A 
review of the literature, however, shows that this can be rarely 
accomplished. This is due mainly to the inadequacy of the 
theories of dielectrics, all of which are insufficiently developed to 
include the dielectric behavior of mixtures. Nevertheless, as will 
be shown, many attempts have been made to develop formulz of 
theoretical significance for application to mixtures. Inspection 
of the derivation of these formule shows that those with the best 
theoretical background are limited to such special cases that they 
are of practically no value. 

Following a brief review of these formulz there will be given 
a brief account of the results of experimental investigations on 
the dielectric behavior of mixtures. For convenience in presen- 
tation the experimental data will be subdivided into the following 
sections: (a) Liquid-liquid mixtures; (b) electrolytic solutions ; 
(c) non-electrolytic solutions; (d) colloidal solutions; and (e) 
mixtures showing a high degree of heterogeneity, such as powders 
in air. 

A bibliography is appended and the references throughout the 
paper will refer to this list. 


A. THEORY. 


Three main formule have been proposed to represent the 
relation between the dielectric constant of a pure substance and 
its density d: 


* Communicated by the Author. 
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i. constant (Beer, Landolt, Gladstone)” 


Sat = constant (Newton, Laplace)” 


€-1: 1 (Clausius,* Mossotti,*” Lorenz,“ 
€+2 da ae Lorentz,“ Rayleigh,®*! Debye") 

Of these formule, (3) undoubtedly has the most theoretical 
significance, having been derived independently by the six investi 
gators given in the parentheses. In spite of this fact, wher 
investigations have been made over a sufficiently wide tempera 
ture range to allow a thorough test of the applicability of th: 
formula,?® ** °§ deviations well without the experimental erro: 
have been noted even for pure liquids. Introduction of an add 
tional term to take care of the influence of temperature on the 
dipolar moment + of the molecules, as has been done by Debye 
and Isnardi and Gans,®* *? has not proven sufficient.*® 

The methods of derivation of formula (3) are briefly as 
follows : 

On the assumption of Faraday that dielectrics consist of 
spherical, not touching, conducting bodies, Mossotti t developed 
a mathematical theory of dielectric polarization in the same way 
as Poisson had treated the problem of induced magnetism. Inde 
pently Clausius treated the problem analogously and with the 
assumptions (1) that the molecules are rigid spheres, (2) that 
they are good conductors, and (3) that the intervening space is 
a perfect insulator, he arrived at the relation: 


ee | 


€+2 °° 


where g is the ratio of the space x, occupied by the molecules to 
the total volume . Since at constant mass V is inversely pro 
portional to the density d, it follows that 


+A dipole is a molecule in which the electrical centre of gravity of th 
positive charges + E is not coincident with the electrical centre of gravity o! 
the negative charges —E, but is separated by a distance L. The product 
M=E:L is then designated the dipolar moment of the molecule. 

t References to the original papers of Mossotti have been hard to find 
They are given by Beaulard* and are given in the following, although the 
originals have not been consulted: F. O. Mossotti, Arch. des Sc. phys. et nat 
de Genéve, VI, 193, 1847, and Mem. di Mat. et di Fis. della Soc. ital. Modena 
14, 49, 1850. 
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(5) 


where k is a proportionality factor. If x is assumed to be con- 
stant, the so-called Clausius-Mossotti relation, 


(3) 


follows.§ 

Lorentz *® assumed (1) that ether is present between the 
molecules of a body, (2) that the ether has the same properties 
as in space except in the immediate neighborhood of the mole- 
cules, (3) that in each molecule of an isotropic body an electrical 
moment will be set up proportional to the e.m.f. and similarly 
directed, and (4) that Coulomb’s Law holds for small distances. 
Calculation then leads to a relation between the specific inductive 
capacity, ¢, of a non-conductor and its density. If, according to 
Maxwell (assuming the magnetic permeability is equal to 1), 
¢=n?, where m is the index of refraction for infinitely long 
waves, then 

: ts . 3 = constant , (3) 
and this constant is determined to be, upon certain considerations 
and assumptions, 

4 ar (3 + 47&) — 4rE > a 


constant = 2. — a , (6) 


m (3 + 8x€o) F — 848% 


where r is the radius of the molecule, m its mass, ¢, the dielectric 
constant of the ether, which, according to the electromagnetic 
theory of light, must be a large number, and H a constant of the 


§ The same relation has been found in a somewhat different way by 
Wiedemann“ and Poincaré.“ Also Mascart and Joubert,” assuming (1) that 
the molecules are spherical, (2) that they are non-conductors, and (3) that 
they are made of matter having an extraordinarily high dielectric constant, 
arrived at the relation 


where d is the density at which the material has a dielectric constant €, so that 


d ? . ; ; 
— for one substance is a constant and D is the maximum density of the body 


or the density of its molecules. This is simply the reciprocal of the relation 
given in formula (3) and so merely gives a different significance to the constant. 
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molecule. It is clear from this equation that the second term on 
the right must be equivalent to g in equation (4). Lorenz,*’ 
from quite a different mode of reasoning, arrived at the identical 
result given above. 

Rayleigh’s *? derivation of formula (3) is more general than 
those given above and is worked out in much greater detail. The 
calculation of the dielectric constant is considered only as a 
special case of the general problem “On the Influence of 
Obstacles Arranged in Rectangular Order upon the Properties 
of a Medium.” Briefly, if ¢, denotes the specific inductive capa 
city of the material composing the spherical obstacles, that of the 
undisturbed medium being unity, the approximate value of ¢ is 
given at once by 

. (2+8&,) (1 —&,) —2d 
~" @+6,) @—€)+4- 


This may also be written in the form given by Clausius 


S-: : €—!t 
— + — = “ —_ = constant. 3) 
€+2 ¢@ & +2 “ 5 
This formula, however, applies strictly only when d is moderate 
and when the spheres are arranged in cubic order though, doubt 
less," an irregular isotropic arrangement would give the same 
result. The next approximation is 


&= 1 f+ 


If one does not assume, as was done in the foregoing, that 
all the molecules in a system are alike but assumes that they are 
of different kinds, one obtains a formula for the dielectric con 
stant of a mixture. According to Lorenz-Lorentz, first 


&,+2 da 
must have a constant value and then between this value and the 
analogous constants 


| No. 67, original paper. 
{ No. 79, original paper. 
** No. 80, original paper. 
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there must be the following relation 


ee &-1 &— 1 
aj Fs “Gea ass (9) 
where €,,, €, and c, are the dielectric constants of the mixture, 
components I and 2, respectively, and v, and v, are the ratios of 
the volumes of the components to the volume of the mixture. 
This formula applies only to the case of spheres isotropically 
arranged at sufficient separation so that each sphere is in a 
uniform field. It can be shown further that this formula does 
not apply if a homogeneous substance of dielectric constant ¢,, in 
the form of spheres, is embedded in a similar substance of dielec- 
tric constant €, im case & 1s different from ¢c,. For if we 
assume that in a second mixture of the same form as the first 
the dielectric constants of the constituents are m times as great as 
before, one obtains the following formula 


+2 "ne, $2 


.-! n&,—I n&,—1 
= +a—— + ec., (ga) 
— 2 


i.e., the dielectric constant of the mixture ¢’,, is not in general n 
times as large as ¢,,. This contradicts the easily provable require- 
ment that, retaining the form and increasing the dielectric con- 
stants of the components in the same ratio, the dielectric constant 
of the mixture must also change in the same ratio. This 
requirement follows from the fact that the lines of force remain 
the same if the dielectric constant of two neighboring bodies 
change in the same ratio.++ 

Wiener, ®: °° recognizing that formula (9) represents only 
a special case, undertook to find a general formula which would 
also take account of the influence of the form of a mixture on 
its dielectric constant. Two methods were attempted. One con- 
sisted of “a repeated approximation which leads to a generally 
strict solution. The dielectric constant results here in the form 
of an infinite series which continue according to powers of the 


+ Since equation (9) is valid only when €:—1, we may write it in the 
form in which it is very often given, i.e., 


€,, —& &, — & 


(10) 


& +26 "&+26, 
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relative differences of the dielectric constants of the components 
and whose coefficients consist of several space integrals, which 
increase with each term about an integral which relates only t 
the given form of the constituents or the separation of the ele 
ments of the constituents. The second consists of the use of a 
threefold infinite Fourier series, whose coefficients are to lx 
calculated, strictly taken, from infinitely many linear equations 
with infinitely many unknowns.” Since these methods would 
be very difficult to apply, an attempt was made to get an approxi 
mation formula of the form of the Lorenz-Lorentz equation (9) 
By assuming that the ratio of the mean values of the electric 
forces are dependent on the form but not on the volume ratios 
of the components, he obtained the formula 

Com 

é+se "&+u 


—I &,-—I &—I1 
theta (11 


For u= 2, this equation becomes identical with (9). When 
u=—2€,, equation (11) takes the same form as (10), indicating 
that the constituent I is imbedded in constituent II as spheres 
isotropically arranged at sufficient separation so that the spheres 
may be regarded as in a homogeneous field. For isotropic 
arrangements of spheres of one constituent in another u may be 
regarded as equal to one-half the dielectric constant of the con- 


TABLE I. 
re, Arrangement. “ Formula. No. 
Layers perpendicular to ee 4% 
the lines of force....... oO |g & 2 (12 
Cylinders of I in II aS. tO: 
_|_ to lines of force... .. Ee | €+& "a+ | (13 
| c.. & E, = Es 
Spheres of Tin II........ 2&2 | & +26: "le, + 26: (14) 
| 
Cylinders of II in I Son na. se & ie all 
_|_ to lines of force... .. e | hse "ese (15) 
€.—-& &,—&, 
Spheres of II inI........ 26, €,426 +26, (16 


Layers or discs parallel 
to lines of force........ © Ca = Ei + m2E2 (17) 
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tinuous phase and should vary, therefore, only between the limits 
Ye, and ¥%e,. Wiener further calculates the values of u for 
several special cases whereby there result the formule giving the 
relation between ¢,,, ¢,, and ¢, as shown in Table I. 

H. Fricke ** has recently derived a formula which has a very 
marked similarity to that of Wiener’s. Considering the case of 
spheroids dispersed in a liquid medium, he obtains the relation 

€., — & &, — & 

Ey, ue, EF wee’ (18) 
where u is a function of the ratio ¢,/e, and the ratio a/b of the 
axis of symmetry of the spheroids to the other axis. 1 is given 
by the formula 

€,/E2 — 1) — (€,/& 
eo - ee (19) 
in which the influence of the geometrical factors of the suspended 
particles is expressed solely in B. Fricke’s formula, (18), reduces 
to that of Lorenz-Lorentz and Clausius-Mossotti for the case of 
spheres where u = 2. 

Wiener °° makes the specific statement that his formula does 
not apply to chemical mixtures, i.e., mixtures of two liquids. 
For such cases, Silberstein®® derived thermodynamically a “proof” 
of the law of mixtures, assuming no change in volume on mixing 
and independence of action of the constituents. According to 
him, “the dielectric constant of a homogeneous mixture which 
consists of V,, V, ... V, c.c. of completely (or very good) 
insulating dielectric substances A,, A, . . . A,, respectively, is 
given by the equation 
n 
Li iV; 
: 


> 
c= 


= - (20) 
ti, 
I 


where €,, &9, . . . €, are the dielectric constants of A,, A... . 


A,, at one and the same temperature and pressure, assuming that 
the volume of the mixture is equal to the sum of the volumes of 


the constituents, 7.¢., 
n 
V=SiV;.” (21) 
I 


For binary mixtures, using the notation of this paper, formula 
(20) becomes 
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Em = 0, &; + v2 Ee. 


Correction of this formula to take into account the contractio 
on mixing the two liquids is insufficient to make the equatio: 
generally applicable.** ¢¢ 

From the above discussion it is evident that all the formule 
derived for the calculation of the dielectric constant of a mixture 
of components of known dielectric constants include the two 
related assumptions, (1) that the capacities are directly additive 
and (2) that the molecules of the two components have no diele: 
tric influence on each other. Simple consideration of the dipolai 
nature of most molecules *° would indicate that these assumptions 
are probably not justified. Likewise, it will be observed in co: 
sideration of the following experimental data that the agreement 
between the observed values of the dielectric constants of mixtures 
and those calculated according to these assumptions is best for th: 
cases where both components have low dielectric constants, i.., 
small dipolar moments. However, while the data may seem to ! 
in general in qualitative agreement with the considerations of the 
dipolar nature of most molecules, nevertheless at present there 
are not enough data on the dipolar moments of the molecules to 
predict quantitatively the effect on the dielectric constant 
adding one substance to another. 

B, EXPERIMENTAL RESULTS. 

(a) Liguid-liquid Mixtures—E. Cohn and L. Arons‘ meas- 
ured the dielectric constants of (1) three mixtures of aniline in 
xylene, (2) one mixture of aniline and benzene but do not give 
the compositions. They found, however, that successive additions 
of aniline to the xylene increased the dielectric constant of the 
mixture. Later * they also determined the dielectric constants o! 
five mixtures of xylene and ethyl alcohol, containing up to 50 per 
cent. by volume of the alcohol, and state that “ with the first 
additions of alcohol to pure xylene, the dielectric constant changes 
very slowly.” Similarly they were unable to detect the influence 
of 2 per cent. of water on the dielectric constant of ethyl alco! 


tt It has been shown, in work soon to be published, that the deviation fro 
this simple law of mixtures for dielectric constants is in certain cases direct 
proportional to the deviation from the analogous law of mixtures for vis« 

In this case of liquid-liquid mixtures, therefore, the form of the curve relatu 
dielectric constant to composition can be predicted from the viscosity comp 
tion curve. 
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These results do not agree very well with those of E. Bouty,° 
who measured the dielectric constants of mixtures of benzene, 
turpentine, and carbon disulphide with ethyl alcohol and ether 
and found that they satisfactorily followed the simple law of 
mixtures (formula 17). Likewise, Jahn and Moller,*? who 
investigated the dielectric constants of mixtures of alcohol and 
xylene, found at moderate concentrations of alcohol a fair agree- 
ment between the observed values and those calculated from 
this law. 

Thwing,*® using a bridge method of measurement and an oscil- 
lator giving a frequency of about 2.5 x 10’, investigated the 
dielectric constants of a series of mixtures, especially those 
aqueous mixtures of such substances as mix in all proportions 
with water. In the case of the aqueous mixtures of methyl 
alcohol, ethyl alcohol, propyl alcohol, glycerin, and acetic acid, 
the curves relating dielectric constant to concentration all showed 
one or more singular points (1.e., maxima or peaks) which, with- 
out exception, fell at concentrations which exactly correspond to 
hydrates. In the case of ethyl alcohol and water, there were six 
such breaks. The curve for mixtures of ethyl and methyl alco- 
hols, on the other hand, was quite regular, though the values of 
the dielectric constants of the mixtures always were less than 
calculated from the law of mixtures. Drude,’ using a resonance 
method and a considerably higher frequency, about 4 x 10”, failed 
to find the irregularities in the curves relating the dielectric con- 
stant to concentration in the case of mixtures of methyl alcohol 
and water and propionic acid and water. In these cases, according 
to Drude, the law of mixtures holds within the experimental 
error. On the other hand, the law of mixtures gave too great 
values for the dielectric constants of mixtures of acetone and 
benzene and too small for mixtures of acetone and water. The 
more recent measurements of Harrington ** are in agreement 
with those of Drude, while those of Salazar ** support qualita- 
tively the data of Thwing. Salazar measured the dielectric con- 
stants of mixtures of water and methyl, ethyl and propyl alcohols 
and found they did not agree with Silberstein’s law of mixtures. 
At 25° there appeared breaks corresponding to hydrates with one, 
two and three molecules of water and also with sixteen in the case 
of propyl alcohol. In the intervals between the breaks the dielec- 
tric constant was proportional to the composition. 

VoL. 203, No. 1215—30 
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Jahn and Moller *? also investigated the dielectric constants 0: 
mixtures of xylene, with toluene, amyl alcohol, isobutyl alcoho 
and amyl chloride and found an approximate agreement between 
observed values and those calculated from the simple law oi 
mixtures only in the case of the more dilute solutions of the alco 
hols. At the higher concentrations of alcohol the observed dielec 
tric constant was higher than the calculated. Also for the 
solutions of amyl chloride the observed value for all concentra 
tions was too great. 

Silberstein,®® on the contrary, found the law of mixtures t 
give satisfactory agreement between calculated and observed 
values of the dielectric constant of benzene and phenyl acetat 
C. E. Linebarger ** confined his attention to mixtures of liquids 
of which the constituents all had a dielectric constant less than & 
These were mixtures of benzene with ether, ethyl acetate, and 
carbon tetrachloride; toluene with ethyl benzoate, turpentine, 
and carbon disulphide; chloroform and carbon tetrachloride ; and 
carbon disulphide with carbon tetrachloride, chloroform, and 
ether. Inno case did the data show complete agreement with the 
law of mixtures. The dielectric constant was generally lower 
than that calculated from the dielectric constants of the compo 
nents. Mixtures with ethyl ether were exceptions and gave higher 
values than calculated. In the case of carbon disulphide anc 
carbon tetrachloride there was a point of inflection, but the data 
were too scarce to determine at what composition this occurred 

J. C. Philip,*® in an investigation of the dielectric constants oi 
quite an extended series of mixtures, tested the applicability of 
formula (9), 1.¢., 

Em — I &-1 


a+2 "& +3 
and one analogously formed from formula (1), i.e., 


V Em —r = (VE —1) +m (V & —1). 22 


He found that where both components of a binary mixture have 
a low dielectric constant, either formula gives equally satisfactory 
results, t.e., with mixtures of benzene and ether, or carbon disul- 
phide and chloroform. Mixtures of ethyl ether and chlorofori 
gave no agreement with either formula and in fact showed higher 
dielectric constants for the mixtures than for either component 
alone. Where one of the components had a high dielectric con 
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stant, #.¢., in mixtures of ethyl alcohol with chloroform, ethyl 
ether, carbon disulphide, and benzene; and nitrobenzene with ben- 
sene, and toluene, the agreement was much better with formula 
(22) than with (9). The latter formula at times gave calculated 
values about half of those observed. However, the agreement 
between the observed values and those calculated from (22) can- 
not always be designated as satisfactory. In the case of benzene 
and ethyl or propyl alcohol, with greater concentration of the 
substance of high dielectric constant, the calculated values are 
lower than the observed, and at lower concentrations, higher. 
Using this formula, (22), for calculating the dielectric constants 
of methyl, ethyl, propyl and amyl alcohol in benzene and toluene, 
and assuming the dielectric constants of benzene and toluene are 
unchanged in the solutions of low concentration of the alcohols, 
a lower limit was approached which, according to Philip, repre- 
sents the dielectric constant of the simple molecule; the higher 
values of the pure liquids and more cancentrated solutions being 
due to association. The values he obtained are given in Table II. 
E Il. 


TA By 


Dielectric Constant. 


Alcohol. aa Calculated from 
Pure Liquid. Dilute Solutions. 


Similar results have been obtained recently in an investigation 
by L. Lange,*® who attributes the deviations from formula (9) 
to molecular association. The measurements covered five differ- 
ent alcohols, as well as nitrobenzene, pyridine, and ether. Benzene 
was in general used as the solvent but checks were made using 
toluene and carbon disulphide as solvents. In order to explain 
the results obtained, it was necessary to assume two different 
types of molecular association having opposite effects on the 
dielectric polarization. A third type was necessary at higher 
concentrations. 

W. D. Coolidge,® with a slightly different experimental 
method from Philip’s, obtained the same numerical values for the 
lower limits of the dielectric constants of the alcohols as are 
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given in Table II, indicating that this limit is independent of the 
frequency. He likewise qualitatively checked Philip as to the 
presence of a maximum in the curve relating dielectric constant 
and concentration for mixtures of ethyl ether and chloroform 
In a later investigation, Philip and Haynes *® calculated the appa 
rent dielectric constants of anisole, o-, m-, and p-tolyl methy! 
esters, phenol, and o-, m- and p-creosols, in dilute solution in 
benzene and m-xylene, according to formula (22). From the 
same line of reasoning as obtained in their first paper, they 
concluded that the phenols are associated and that the esters are 
not, which is in agreement with cryoscopic evidence. 

Dobroserdov ?* determined the dielectric constants of a ver) 
large number of mixtures of organic solvents, such as benzene, 
toluene, ethyl ether, chlorobenzene, carbon disulphide, ete. The 
original paper, not being accessible, was not consulted. However, 
according to the abstract, the results of his experiments indicate 
that none of the formule proposed for expressing the relation 
between the dielectric constant and the composition of such mix 
tures is in complete accord with the data. He considers that the 
cases which can be expressed by Silberstein’s formula, (17), are 
the normal ones, while the deviations from the “normal”’ are 
to be ascribed to the formation of solvates possessing different 
properties from the components. 

The most recent work on the dielectric constants of liquid 
mixtures, that of M. Griitzmacher,?* serves only to emphasize 
the lack of order and understanding which obtains in this field, 
such as is evident from the above mass of uncorrelated and even 
contradictory data. Grtitzmacher measured the dielectric con 
stants at different temperatures of mixtures of carbon tetraciilo 
ride with carbon disulphide and chloroform; and benzene with 
toluene and carbon disulphide. He found that his results also 
could not be expressed by any previously proposed formula. 

(b) Electrolytic Solutions—Experimental difficulties are 
much greater in the measurement of the dielectric constants of 
electrolytic solutions than in the case of mixtures of liquids on 
account of the fact that they are much better conductors of elec 
tricity. In order to minimize the effect of such conduction the 
measurements must be carried out at very high frequencies. The 
data on the dielectric constants of electrolytic solutions reported 
in the literature have largely been obtained incidently to the main 
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object of the investigation and are therefore rather scanty. The 
recent work of Walden °* ® and his co-workers promises to give 
interesting data in this relatively uninvestigated field. 

E. Cohn and L. Arons § state that the addition of ammonium 
chloride to 98 per cent. alcohol did not affect the dielectric con- 
stant within the experimental error of + 5 per cent., although the 
conductivity was increased five times. 

E. Lecher ** found the capacity of his condenser to be the 
same whether a vessel between the plates of the condenser con- 
tained distilled water or a 10 per cent. solution of sulphuric acid. 
The condenser plates were 28 cm. apart and the vessel containing 
the liquid was 27 cm. long. The oscillations used in the measure- 
ments were obtained from a Rumkorff coil. 

E. Bouty ® found that the dielectric constant of distilled water 
was unchanged on adding small amounts of sodium chloride. 
Similarly water taken from the Siene River showed the same 
dielectric constant as the distilled water. 

C. B. Thwing,®® as reported in section (a), measured the 
dielectric constants of mixtures of acetic acid and water and 
obtained irregularities in the curve relating dielectric constant 
and concentration, small additions of acetic acid to water, caus- 
ing at first relatively large decreases in the dielectric constant. 
P. Drude **: ™ failed to find any such irregularities in the case 
of propionic acid and water and in case of aqueous solutions of 
copper sulphate and sodium chloride the dielectric constants were 
not different from that of pure water. He states that up to con- 
ductivities of 5 x 10‘, referred to mercury as unity, the dielectric 
constant of solutions at frequencies of 4 x 10° is within 1 per 
cent. that of pure water. At higher conductivities the dielectric 
constant was determined to be smaller, at least 10 per cent. at a 
conductivity of 38 x 107. 

W. Nernst,*® using a high frequency in his Wheatstone bridge 
method of measuring capacity, found that sufficient potassium 
chloride to make a 0.005 N and a 0.01 N solution had little effect 
on the dielectric constant of water. The dielectric constants were 
3 to 5 per cent. higher than that of water for the potassium 
chloride solutions and about 2 per cent. lower for a 2: 3 mannite- 
boric acid solution. On the other hand, F. J. Smale,°*® working 
with Nernst, but using an electrometer method and frequencies 
from 10° to 107 for determining his dielectric constants found a 
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considerable increase (up to 15 per cent.) in dielectric constant 
over that of pure water with solutions of potassium chloride, 
hydrochloric acid, copper sulphate and mannite-boric acid solu 
tions, ranging from 0.001 M to 0.666 M. He therefore concludes 
that “‘the dielectric constants of good conducting solutions 
actually increase with increasing concentration, but that this 
increase is not necessarily proportional to the conductivity.”’ 

A. de Forest Palmer, Jr.,** also using an electrometer method, 
determined the dielectric constants of dilute solutions of potassiuy 
chloride and copper sulphate at a maximum concentration of about 
0.003 gr. equivalents per litre for copper sulphate. The result 
of this investigation was the conclusion “ that it is highly prob 
able that the dielectric constant of dilute electrolytic solutions, 
of conductivity less than 2.5 x 10+, is the same as that of pure 
water in electric fields varying at the rate of 10° oscillations 
per second.”’ 

Walden,*® considering that the infiuence of electrolytes on 
the dielectric constant of the solvent was quite unsettled, decided 
to study the influence of electrolytes in solvents of weaker ioniz- 
ing power than water. For this purpose, he choose the three 
solvents, chloroform (¢= 4.95), methylene chloride (< =8.3) and 
ethyl formate (¢ =8.2) and for electrolytes several salts of 
various substituted ammonium bases. For measuring capacity 
he used Drude’s resonance method. He found in every case that 
the dielectric constant of the solution was greater than that of the 
solvent. For a given dilution, he found that the percentage 
increase in dielectric was greatest for the tetra-substituted electro- 
lytes and also greatest in the solvent of lowest dielectric constant 
(1.e., chloroform). However, the increase was scarcely above the 
experimental error in the case of the mono- and di-substituted 
ammonium salts. Without considering the applicability of the 
formule to the experimental data at hand, Walden calculated 
values for the dielectric constants of the salts, using formulz 
(17) and (22) and one used by Bouty.® The values so obtained 
were very high and depended not only on the particular formula 
used, but also on the concentration chosen. For instance, calcu- 
lated from formula (17), the dielectric constant of tetraethy! 
ammonium iodide in methylene chloride is given as 330, while 
from formula (22) the value of 3250 is obtained. Similar 
results are given for the other cases studied. 
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On the other hand, Lattey,** also using Drude’s method, 
modified so as to allow for correction due to electrolytic conduc- 
tion, found a very considerable lowering of the dielectric constant 
of aqueous solutions of potassium chloride, copper sulphate, and 
tetraethyl ammonium naphthalene-B-sulphonate on successive 
additions of the salt to pure water. For a 0.00755 M potassium 
chloride solution, he found the value of the dielectric constant to 
be only 66.25 or only 81.5 per cent. that of pure water. The 
results on the other salts were quite comparable. 

Within the past two years Bluh,* Furth,?* and Walden and 
Ulrich ** ®? have begun a more thorough investigation of the 
dielectric constants of electrolytic solutions both from a theoretical 
and experimental viewpoint. Bluth, in agreement with the Debye 
theory of dielectrics, assumes that the deviations from the law of 
mixtures observed with electrolytic solutions are due to hydration 
of the ions. According to this assumption each ion is surrounded 
by a definite layer of water molecules, which, owing to their dipo- 
lar character, are oriented under the influence of the charged ion. 
Assigning a value of unity to this water of hydration and calcu- 
lating its volume from the values of the real and apparent radii 
given by Born,|!|! Bliith finds that the experimental values of 
Sommer (unpublished dissertation, Berlin, 1923) on solutions of 
lithium, sodium, and potassium chlorides are in satisfactory 
agreement with the law of mixtures. However, while both 
experimental and calculated data show a linear relationship 
between the dielectric constant and concentration, the theoretical 
and observed values are not in quantitative agreement. 

The measurements of Furth ** on solutions of sodium chloride 
have shown that while at high concentrations of salt the dielectric 
constant of the solution approaches that of pure water, for very 
small concentrations the dielectric constant of the solution is 
lowered by an amount which is dependent on the potential across 
the condenser. Since these data were obtained at a very low 
frequency, i.e., 50 cycles, it is doubtful to what extent the dis- 
cordant results obtained by earlier investigators may be accounted 
for by this effect. Fiirth is in agreement with Blih in explaining 
the dependence of the dielectric constant of the solution on con- 
centration as due to the orienting effect of the ions on the water 
dipoles. The fact that the curve relating the dielectric constant 
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of the solutions to concentration passes through a minimum 
approaching the value of water at the higher concentrations, is 
explained by the fact that at these higher concentrations there i: 
greater competition among the ions for the water of hydration 
and consequently the thickness of the water layer surrounding th« 
ions decreases. 

Walden, Ulrich, and Werner ** have shown that an explana 
tion similar to that proposed by Blith and Fiirth, qualitativel) 
satisfies the large mass of experimental data obtained by them o: 
solutions of tetrapropylammonium iodide and tetraethylamm 
nium picrate in chloroform, brombenzene, chlorbensene, ethy! 
aniline, technical aniline, o-dichlorbenzene, sym-tetrachlorethane, 
ethylene chloride, pyridin, m-nitrotoluol, and water. Their 
measurements also include data on aqueous solutions of potassiuni 
chloride and cadmium bromide. These observations show 
further, as would be expected from the Debye theory of dielec 
trics, that the lowering of the dielectric constant is proportionate) 
greater (molecular concentration being constant) in the solvents 
of lower dielectric constants for a given salt and also greater in a 
given solvent for the smaller ions. In general the curves relating 
dielectric constant to concentration pass through a minimum, 
though in certain cases the minimum presumably occurred at 
concentrations greater than could be obtained at the temperatur« 
of the experiments. It was further found that the influence 01 
impurities in the solvents was of considerable importance and 
necessitated the repetition of a considerable amount of experi- 
mental work. The effect of these impurities was largely to mask 
the minimum in the concentration curve. 

From this later work on electrolytic solutions, one may see 
that the general behavior of this class of mixtures can be qualita 
tively predicted from a consideration of the Debye theory o! 
dielectrics. As yet, however, the theory has not been sufficiently 
developed to allow a satisfactory quantitative agreement between 
theory and experiment. 

(c) Non-electrolytic Solutions.—In this section there will be 
included a discussion of the measurements on solutions generall\ 
regarded to be non-electrolytic and not colloidal. The transition 
from this section to that on colloidal solutions is necessarily 
not abrupt and the classification will have to be to a certain 
extent arbitrary. 
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The dielectric constants of aqueous solutions of cane 
sugar have been measured by four independent investigators, 
P. Drude,’* #4 E. A. Harrington,?* R. T. Lattey*® and R. 
Firth.2* The results of Drude, Harrington and Lattey are in 
satisfactory agreement, where they can be compared, and are 
qualitatively the same as those of Firth. Although the dielectric 
constants of aqueous solutions of cane sugar do not follow the 
simple law of mixtures, the values of the solutions at all concen- 
trations (up to 65 per cent.) lie between those of the solid cane 
sugar (4.9 + 0.2)** and pure water. On the other hand, accord- 
ing to Mathews,** the addition of 6.47 per cent. cane sugar to 
pyridine (¢ = 12.5) raises the dielectric constant to 13.5. 

H. E. Eggers,’® using Drude’s resonance method of measur- 
ing capacity, determined the dielectric constants of solutions of 
sulphur and phosphorus in carbon disulphide ; menthol in benzene, 
carbon disulphide, and acetonitrile; and camphor in benzene and 
carbon disulphide. He found the dielectric constant of the solu- 
tion of sulphur in carbon disulphide alone to lie between the values 
of the pure components. In the cases where several solvents were 
used for the same solute, the values of the dielectric constants 
obtained did not indicate that the solute exerted a similar influence 
ineach case. This is in agreement with other data which indicates 
that the dielectric constant of a solution is not a simple function 
of either constituent. 

L. Kahlenberg and R. B. Anthony,** who measured the dielec- 
tric constants of solutions of the oleates of magnesium, aluminum, 
sinc, manganese, nickel, cobalt, iron, copper, and cadmium, in 
several solvents found the dielectric constant to be generally 
lowered on the addition of the oleate. However, the change in 
dielectric constant was generally small, even for high concentra- 
tions, and the effect of the metal was entirely masked. 

Probably the most extensive investigation of the dielectric 
constants of aqueous solutions of non-electrolytes is that recently 
reported by R. Firth.** He used Drude’s resonance method of 
measuring capacities and used a Tesla coil as his source of fre- 
quency. His measurements include the dielectric constants of 
aqueous solutions of dextrose, levulose, cane sugar, saccharin, 
urea, and glycocoll. The dielectric constants of the solutions of the 
sugars were always less than that of water, those of solutions of 
glycocoll and urea always more, while the dielectric constants of 
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solutions of saccharin increased to a maximum at about 0.3 per 
cent. saccharin and then very rapidly decreased. The results on 
solutions of urea are qualitatively in agreement with the earlier 
data of Harrington.** The significance of these three types oi 
behavior is discussed from the standpoint of Debye’s theory o| 
dielectrics in alternating fields." According to this theory, if th« 
dipolar moment of the solute is greater for unit volume than that 
of the solvent, increase in concentration of the solute will result 
in increase in the dielectric constant of the solution. Howeve1 
the viscosity also increases with the concentration and tends to 
decrease the dielectric constant. These two factors therefore 
cause first a rapid increase in the dielectric constant and then a 
slower increase to a maximum, and finally an increasingly rapid 
decrease. The position of the maximum with reference to concen- 
tration will vary with the magnitude of the dipolar moment and 
the viscosity. In case the maximum falls on zero concentration, 
the curve relating dielectric constant to concentration will contin 
ually decrease (Type I)—the same type is obtained in case the 
dipolar moment of the solute is less than that of the solvent; in 
case the maximum is located at saturation, one obtains a contin 
ually increasing curve (Type II); and in case the maximum 
occurs at some intermediate concentration one obtains a point o| 
inflection (Type III). Fiirth’s data afford examples of all three 
types ; the sugars belong to Type I, glycocoll and urea to Type I, 
and saccharin to Type III. 

(d) Colloidal Solutions.—The data available on the dielectric 
constants of colloidal solutions leave much to be desired. Not 
only are the data meagre, but where measurements are given the 
concentration is very uncertain and even in some cases the exact 
composition is unknown, i.e., serums and solutions of biological! 
interest as reported by Firth.” 

Drude ** stated that gelatine gels gave values of dielectric 
constant very little different from that of pure water. On the 
other hand, Fiirth,** who studied gelatine solutions up to 50 per 
cent. gelatine in concentration, found that gelatine gave a curve 
belonging to Type I, showing a relatively rapid decrease at low 
concentrations. Albumin, in concentrations up to 15 per cent., 
showed a behavior very similar to that of gelatine. Lecithin and 
pepsin both decreased while trypsin increased the dielectric con 
stant of water. 
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J. Errera **,** ?% *° 21 has measured the dielectric constants 
of several inorganic sols. These include mercuric swphide- 
alcosol, copper sulphide-alcosol, platinum-alcosol, and vanadium 
pentoxide hydro-sol. His measurements indicate that the colloidal 
solutions studied have the same dielectric constant as the pure 
solvent with the exception of vanadium pentoxide sols. The 
dielectric constants of these sols were variable, decreasing with 
the temperature and with the frequency, but increasing with the 
intensity of the field. The decrease with frequency is almost 
linear from a wave-length A= 1000 to A= 300 metres. The 
observed dielectric constant increased during measurement and 
depends on the concentration. Although the values of the dielec- 
tric constant recorded ranged from 81 for pure water up to 800, 
depending on the experimental conditions, Errera states that a 
comparison with the dielectric constants of electrolytic solutions 
of similar conductivity indicates that the observed high dielectric 
constants of the vanadium pentoxide sols do not seem to be due 
to an actually higher conductivity factor. 

Firth and Blith *° have studied the dielectric constants of 
vanadium pentoxide sols at a much higher frequency, 1.e., a wave- 
length of 70cm. At this frequency a sol three years old showed 
an increase in dielectric constant with increase in concentration, 
while the converse was found to be the case in a freshly prepared 
solution. In general, their results are in accord with those of 
Errera. They indicate, however, that Errera is wrong in sup- 
posing that the dielectric constant increases with the field 


strength, E. It is the polarization, P, which increases, where 


C-f. ; ‘ F 
P = = E, The observations of Errera are attributed to simple 


polarization of the electrodes. 

(e) Mixtures Showing a High Degree of Heterogeneity.— 
Eight investigations may be included in this section. Of these, 
the first four were undertaken to test experimentally the Clausius- 
Mossotti relationship in the form given by Lorentz for mixtures 
in equation (9). The second group of investigations were under- 
taken primarily for a test of Wiener’s formula, i.c., (11), and to 
evaluate the constant u for different experimental conditions. 

The studies undertaken by the first four investigators are 
very similar in that measurements were made on mixtures of a 
material of relatively low dielectric constant with another material 
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having such a relatively high dielectric constant that for pra 
tical purposes it might be considered infinite. In this case, 
the equation, 

vY &+2 + 2 9g 
may be simplified since the second term on the right-hand side 
becomes equal to v,; and then, since v, + v.=1, (9) may |x 
transformed to 
_ At2% 

I — 


or, if v, is so small that 2v,¢, may be neglected with respect to ¢,, 


Em 


I 2 
em/@, = +t 2%. 


Millikan *° tested the relationship given by (23') by deter 
mining the ratio ¢,,/e, for emulsions of water in a mixture o! 
benzene and carbon tetrachloride having a density of 1. The 
measurements were made by use of Nernst’s method. It may be 
noted that in order to apply (23') the assumption had to be mace 
that the dielectric constant of water is infinitely great compare: 
with that of the mixture. Agreement between observed and cal 
culated values of the ratio ¢,,/e, was on the average considerabl) 
better than 1 per cent. However, since v, ranged from about 0.03 
to 0.14, the difference in values calculated from the exact relation 
ship (23) and the approximate one (23') would be considerably 
greater, t.¢., on the average (23) would have given anee about 
10 per cent. lower than the observed ratios of ¢,,/e, if ¢, is 


assumed to have had a value of 3. Further, since mat for water 


is not equal to 1 but to about 0.97, the calculated values should 
be an additional 3 per cent. lower on this account. 

The same criticism may be applied to the work of Beaulard.° 
who determined the ratio of ¢,,/c, for two condensers made with 
dielectrics of paraffin and copper dust, with v, = 0.06904 ani 
0.01607. The experimental values were on the average 3 pe! 
cent. higher than those calculated from (23’) instead of 5 per 
cent. lower as would be expected if: the data accurately fit the 
exact relationship (23). 

Hwlawti *° observes that the work of Millikan and Beaulard 
did not meet satisfactorily the condition, assumed in the develop 
ment of the Clausius-Mossotti relationship, of spherical particles 
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of a perfect conductor imbedded in the insulating medium. He 
therefore prepared a series of salves containing mercury and 
obtains results which are not in agreement with (23) but in which 
e, is a linear function of v.. In these measurements, ¢, and 
, were determined by use of Nernst’s method of measurement, 
v, ranged from 0.002 to 0.035, the diameter of the particles of 
mercury ranged from 0.00296 to 0.00346 mm., and the separation 
of the particle centres from 0.00729 to 0.01963 mm. Hwlawti 
states that Boccara and Gandolfi* found a similar linear relation- 
ship between ¢,, and v, with mixtures of iron dust and paraffin, 
using Hertzian waves. 

Between these experimental tests of the Clausius-Mossotti rela- 
tionship and those of Wiener’s formula, approximately ten years 
elapsed. The first of this second set of investigations was carried 
out by Ficker (unpublished dissertation, Wiener ®°), who deter- 
mined the dielectric constants of several mixtures of hard rubber 
(c,=2.8) and air (¢.—1) and from the results calculated the 
values for u. The data, taken from Wiener’s paper, are given in 


Table III. 


a 
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Form and Arrangement. F | | © (obs.) |  (cal.) 


! 


1.722 
Spheres, close packed ; 1.732 


1.323 
Hollow spheres, close packed 0.238 | F 1.325 


~~ | 


ow 


.150 
Cubes, widely separated .... 0.125 | 81. 153 


-727 

Cubes, closely packed 0.500 | } .732 
.720 
Prisms, isotropic 0.483 t .740 
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By inspection of the figures given in Table III, it is readily 
seen how sensitive u is to small changes in the observed value of 
¢,,. Simple calculation shows similarly that, assuming a value of 
u and attempting to calculate ¢, from the observed value of ¢,,, 
the value so obtained for ¢, is very sensitive to the value of u 
chosen. For example, taking u=4 in the last case, i.e., that 
of prisms isotropically arranged, and using the observed value of 
z,, = 1.720, €, may be calculated to be equal to 2.5 in place of 


434 Homer H. Lowry. [J. F 


2.8 as given. However, the results given are in qualitative agree 
ment with Wiener’s formula. For the more moderate concentra 
tion of cubes, for example, the more nearly does the value of 1 
approach the value 2. Likewise, the more the form of the bodies 
departs from spherical, the higher the value of w. 

John ** also studied mixtures of air and solid bodies of know; 
concentration and arrangement. Again, also, ¢,, was measured 
and wu calculated. He chose for his solids, spheres of brass 
(¢;=o) and of a mixture of colophonium, wax, and aluminum 
powder (¢,=— 12.54), and cubes of brass and of hard rubber 
(e, = 2.863). He used a guard ring condenser and concentrations 
of 0.05 to 0.8. On account of the fact that the size of the bodies 
and condenser were such that John was able to arrange only &4 
to 821 bodies between the two plates of his condenser, there is a 
certain question as to the general applicability of his conclusions 
His results may be briefly given as follows: It was found that 1 
was different for spheres and cubes and depended to a considerable 
extent on the concentration. For spheres at relatively great 
separations « assumed a value of 2, in accordance with the 
Lorenz-Lorentz formula, and showed a gradual increase with 
concentration. For moderate concentrations the values oi 
agreed with the values calculated from the approximation formula 
of Rayleigh (6), but did not at the closest packing. For cubes 
u decreased with increasing concentration, reaching the value 2 
at about v, = 0.5, which was shown to be approximately in accord 
ance with the theory. The brass cubes appeared to satisfy the 
requirements of the theory within the limits of error, but th: 
cubes of hard rubber showed a rise in the values of w with 
the densest packing which was assumed to be due to exper! 
mental error. 

Banneitz * limited his investigation to testing formula (13) 
i.e., the case of cylinders arranged perpendicular to the lines of 
force. He measured his capacity by means of a _ resonance 
method. For cylinders he chose glass tubes filled with water and 
immersed in a mixture of aniline and benzene which had the same 
dielectric constant as that of the glass. There is here the sam 
limitation as to the validity of his conclusions as applied to John's 
work, i.¢., the number of tubes used was very small, ranging on!) 
from 25 to 37. His measurements were made at only three co! 


i akties 


Rate 
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centrations. For great separation of the cylinders from each 
other (i.e., 12 mm.), the determined value of « was equal to 
ce, in accordance with the theory. For denser packing, however, 
the deviation from ¢, was considerably greater than the experi- 
mental error. 

Since the value of u obtained on a powder of a substance 
crystallizing in the regular system should apply to all substances 
crystallizing in the same system, Stoecker *’ investigated the 
dielectric constants of mixtures of powdered potassium chloride 
(c=4.79) and air. He used the resonance method of measuring 
capacity and a frequency of about 6 x 107. He sorted the potas- 
sium chloride into different size classes and measured the dielec- 
tric constant at several concentrations. For the unpowdered salt 
(length of edge=L=1 to 5 mm.) ¢,, and wu were greater, the 
greater the value of L and the denser the packing. For suffi- 
ciently fine powders (L ~0.1 to 0.6 mm.) ¢,, and u were inde- 
pendent of the size as shown by measurements on five classes of 
the powder, but dependent on the concentration. The values of 
u obtained for the finer powders at different concentrations are 
given in Table IV. 


TABLE IV. 


" 


0.30 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 8 3-24 + 0.39 
0.70 3- 3-35 
0 80 3. | 3-59 
1.00 (ext.) . 4.05 


From this brief review of the applicability of Wiener’s for- 
mula to systems showing a high degree of heterogeneity, it seems 
clear that, although the experimental evidence is qualitatively in 
accord with the theory, for each particular case there must be a 
value of « which cannot be accurately evaluated without prior 
knowledge of the values of &,,, £1, €2, and v,. Hence the theory 
is not sufficiently developed to allow the calculation of the dielec- 
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tric constant of one component in such a system knowing the 
dielectric constants of the mixture and the other component 
For determining the dielectric constant of a powder, therefore 
the only satisfactory method is the substitution method describe: 
by Schmidt.** 


Cc. SUMMARY. 

The above review of the experimental data on the dielectri: 
constants of mixtures shows that the dielectric constant of a 
mixture cannot in general be calculated from the dielectric con 
stants of the components. 


BIBLIOGRAPHY. 


*BanneITz, F.: “ Measurement of the Dielectric Constants of Mixtures | 
Means of a Resonance Method for Capacity Measurements,” Ann 
Physik (4), 59, 239, 1919. 

* BEAULARD, F.: “On the Formula of Mossotti-Clausius and Betti Relative 
to the Polarization of the Dielectric,” Compt. Rend., 129, 149, 1890. 
*Biin, O.: “ The Dielectric Constants of Electrolytic Solutions,” Z. Physik 

25, 220, 1024. 

*Boccara, V., and A. GANpo.tF1: Nuovo Cim., 8, 191, 1808. 

*Bouty, E.: “Upon the Coexistence of Dielectric Power and Electrolyti 
Conductivity,” Compt. Rend., 114, 533 and 1421, 1892. 

*Crausius, R.: Mechanische Warmetheorie, 2, 94, 1874. 

"Conn, E., and L. Arons: “Conductivity and Dielectric Constants,” 4» 
Physik (3), 28, 454, 1886. 

*Conn, E., and L. Arons: “ Measurement of the Dielectric Constants of ( 
ducting Liquids,” Ann. d. Physik (3), 33, 13, 1888. 

*Cootipce, W. D.: “Dielectric Investigations,” Ann. d. Physik (3), 69, 
125, 1899. 

* Desye, P.: “Some Results of a Kinetic Theory of Insulators,” Phys. Z 
97, 1912. 

“ Desye, P.: “ The Theory of Anamolous Dispersion,” Verh. d. Phys. Ges., 15, 
777, 1913. 

* DosroserDov, D. K.: “ The Dielectric Constant of Mixtures of Unassociat: 
Organic Solvents,” J. Russ. Phys. Chem. Soc., 44, 306, 679, 1912; | 
Abs., 6, 1564, 2350, 1912. 

*Drupe, P.: “The Electrical Refraction Exponent of Water and Aqui 
Solutions,” Ann. d. Physik (3), 59, 17, 1806. 

“Drupe, P.: “Two Methods for Measuring Dielectric Constants and tl 
Electrical Absorption at High Frequencies,” Z. physik. Chemie, 23, 
1897. 

* Expert, L.: “ The Significance of the Dielectric Polarization in Pure Si 
stances and Mixtures,” Z. physik. Chemie, 113, 1, 1924. 

“Eccers, H. E.: “The Dielectric Constants of Solvents and Solutio: 

J. Phys. Chem., 8, 14, 1904. 


March, 1927.| DreELECTRIC CONSTANT OF A MIXTURE. 437 


* krrera, J.: “ Specific Inductive Capacity of Colloidal Solutions,” J. Phys. 
Radium, 4, 225, 1923. 

® Errera, J.: “ The Dielectric Constant of Colloidal Solutions,” Kolloid Z., 32, 
157, 1923. 

* ErrerA, J.: “ The Dielectric Constant of Colloidal Solutions,” Kolloid Z., 32, 
240, 1923. 

* ErrerA, J.: “ The Dielectric Constants of Colloidal Solutions,” Kolloid Z., 32, 
373, 1923. 

* Errera, J.: “ The Dielectric Constants of Colloidal Solutions,” Bull. Soc. 
Chim. Belg., 33, 422, 1924. 

* Fricke, H.: “ A Mathematical Treatment of the Electrical Conductivity and 
Capacity of Disperse Systems,” I, Phys. Rev. (2), 24, 575, 1924. 

* Firtu, R.: “ Dielectric Constants of Several Aqueous Solutions and Their 
Significance According to the Dipole Theory of Debye,” Ann. d. Physik 
(4), 79, 75, 1923. 

“Fortu, R.: “Dielectric Constants of Good Conductors,” Physik Z., 25, 
676, 1924. 

*Fortu, R., and O. Bria: “ The Dielectric Constants of Vanadium Oxide 
Sols,” Kolloid Z., 34, 259, 1924. 

* GRAFFUNDER, W.: “ The Dependence of the Dielectric Constant of Benzene, 
Acetone, and Glycerol upon the Temperature,” Ann. d. Physik (4), 70, 
225, 1923. 

* GrUTZzMACHER, M.: “ The Dielectric Constants of Liquid Mixtures,” Z. f. 
Physik, 28, 342, 1924. 

* Harrincton, E. A.: “ The Dielectric Constant of Aqueous Solutions,” Phys. 
Rev. (2), 8, 581, 1916. 

”Hwiawtl, F.: “An Experimental Test of the Clausius-Mossotti Formula,” 
Wien Akad. Ber., 110, 454, 1901. 

“Isnarpi, H., and R. Gans: “ The Dielectric Constant and Index of Refrac- 
tion of Liquids,” Phys. Z., 22, 230, 1921. 

“Isnarpi, H., and R. Gans: “ The Dependence of the Dielectric Constant of 
Liquids on the Temperature,” Z. f. Physik, 9, 1953, 1922. 

“Jaun, H., and G. Métier: “ The Dispersion-free Molecular Refraction of 
Several Organic Compounds,” Z. physik. Chemie, 13, 385, 18094. 

“Joun, W.: “ Investigation of the Dielectric Constants of Mixtures of Solid 
Bodies and Air,” Ann. d. Physik (4), 55, 200, 1918. 

“KAHnLENBERG, L., and R. B. AntHony: “The Specific Inductive Power of 
Solutions of Metallic Oleates,” J. Chim. Phys., 4, 358, 1906. 

“ Lance, L.: “ The Relation between the Dielectric Behavior and the Molecular 
Association of Several Liquids,” Z. Physik, 33, 160, 1025. 

“Lattey, R. T.: “On the Dielectric Constants of Electrolytic Solutions,” 
Phil. Mag., 41, 829, 1921. 

“Lepepew, P.: “Measurement of the Dielectric Constants of Vapors and 
the Clausius-Mossotti Theory of Dielectrics,” Ann. d. Physik (3), 44, 288, 
1891. 

“Lecuer, E.: “Measurement of Dielectric Constants by Means of Hertz 
Oscillations,” Ann. d. Physik (3), 42, 152, 1891. 


VoL. 203, No. 1215—3! 


438 Homer H. Lowry. 


” Lineparcer, C. E.: “The Dielectric Constants of Liquid Mixtures,” 
physik. Chemie, 20, 131, 1896. 

* Lorentz, H. A.: “On the Relation between the Velocity of Transmission 
Light and the Density of a Body,” Ann. d. Physik (2), 9, 641, 1880. 

“ Lorenz, L.: “ The Index of Refraction,” Ann. d. Physik (3), 11, 70, 1880 

“ LorENz, R., and W. Herz: “ Dielectric Constant and Space Filling,” Z. 
anorg. Chemie, 127, 369, 1923. 

“Mascart, E., and J. Jouserr: “Electricity and Magnetism” (Paris), 
167, 1886. 

“ Matuews, J. H.: “ On the Relation between Electrolytic Conduction, Specific 
Inductive Capacity and Chemical Activity of Certain Liquids,” J. Ph 
Chem., 9, 641, 1905. 

“Mrm.rkan, R. A.: “An Experimental Test of the Clausius-Mossotti Fo: 
mula,” Wied. Ann., 60, 376, 1897. 

“Nernst, W.: “The Use of High Frequencies in the Wheatstone Brids 
Method of Measuring Dielectric Constants,” Ann. d. Physik, 60, 612, 1897 

“ Patmer, Jr. A. pe Forest: “On the Dielectric Constants of Dilute Elect: 
lytic Solutions,” Phys. Rev., 14, 38, 1902. 

“Pui, J. C.: “ The Dielectric Behavior of Liquid Mixtures, Especially 
Dilute Solutions,” Z. physik. Chemic, 24, 18, 1897. 

“Puiu, J. C., and D. Haynes: “ The Dielectric Constants of Phenols and 
Their Ethers Dissolved in Benzene and in Xylene,” J. Chem. Soc., 87, 
998, 1905. 

* Poincaré, H.: “ Electricity and Optics” (Paris), 1, 41, 1890. 

" Rayeicu, Lorp: “On the Influence of Obstacles Arranged in Rectangula 
Order upon the Properties of a Medium,” Phil. Mag., 34, 481, 1892. 

* Ruporr, G.: “The Dielectric Constant and the Refraction Equivalent 
Jahrb. d. Rad. u. Electronik, 7, 38, 1910. 

* Satazar, G. G.: “ Variations with Composition of the Dielectric Constan 
of Mixtures of Alcohols with Water,” Anal. Fis. Quim., 22, 275, 1924. 
“Scumipt, W.: “ Determination of the Dielectric Constants of Crystals wit 

Electric Waves,” Ann. d. Physik (4), 9, 919, 1902, and (4), 11, 114, 190 

* SILBERSTEIN, L.: “ Investigation on the Dielectric Constants of Mixtures ai 
Solutions,” Ann. d. Physik (3), 56, 661, 1895. 

* SMALE, F. J.: “ Determination of the Dielectric Constants of Several Salt 
Solutions with the Electrometer Method,” Ann, d. Physik (3), 60, 625 
1897. 

* StoecKer, E.: “ Dielectric Constants and Form Numbers of Mixtures 
Powdered Salt and Air,” Z. f. Physik, 2, 236, 1920. 

* TancL, K.: “ The Change of the Dielectric Constants of Several Liquids wit 
the Temperature,” Ann. d. Phys. (4), 10, 748, 1903. 

” Tuwinc, C. B.: “ Relation between the Dielectric Constants and Chem 
Constitution of the Dielectric,” Z. physik. Chemie, 14, 286, 1893; Ph 
Rev., 2, 35, 1804. 

@ Wa pen, P.: “ The Dielectric Constant of Dissolved Salts,” Bull. Acad. § 
Petersb., 6, 305, 1055, 1912; J. Am. Chem. Soc., 35, 1649, 1913. 


March, 1927.} DiELECTRIC CONSTANT OF A MIXTURE. 439 


® WaLpeNn, P., and H. Ulrich: “ The Status of Our Present Knowledge Con- 
cerning the Dielectric Constants of Aqueous and Non-aqueous Solutions 
of Electrolytes,” Z. physik. Chemie, 110, 43, 1924. 

@ Wapen, P., H. Utricn, and O. Werner: “ The Dielectric Constants of 
Electrolytic Solutions,” Z. physik. Chemie, 115, 177, 1925; 116, 261, 1925. 

* WrepMANN, G.: “ Electricity” (Braunschwieg), 2, 12, 1883. 

“ Wrener, O.: “ Lamellar Double Refraction,” Physik Z., 5, 332, 1904. 

“© Wiener, O.: “The Theory of Double Refraction,” Leipsig Ber., 61, 113, 
1909. 

“ Wiener, O.: “ Theory of the Refractive Index,” Leipzig Ber., 62, 256, 1910. 


Citrus By-products Industry the Result of Scientific Research. 
(U. S. Department of Agriculture, Press Service.)—Citrus growers 
in California continue to develop facilities for utilizing cull oranges 
and lemons. A few weeks ago a new plant for recovering usable 
substances from oranges was formally opened at Ontario, Calif. 

A dozen years ago great quantities of oranges and lemons not only 
were discarded as cull fruit, but had to be hauled away at a cost of 
at least $1 a ton. To-day practically all of this sub-standard fruit 
is being utilized in numerous ways, returning to the growers an 
average of $12 or more a ton. 

The remarkable growth of the citrus by-products industry which 
has been developed within the last decade is founded on results of 
scientific research. Investigations begun about twelve years ago by 
the Bureau of Chemistry, United States Department of Agriculture. 
in its branch laboratory at Los Angeles, have resulted in the develop- 
ment of processes for recovering citric acid, as well as other valuable 
substances such as oil, pectin, juice, and pulp, from oranges and 
lemons. The commercial application of these processes not only 
enables the industry to save the fruit that is for one reason or 
another undesirable for market, but to use marketable fruit at a 
profit when there is a surplus. It is estimated that 30 per cent. of 
the annual production is classed as culls, and the prosperity of the 
citrus growers depends upon a profitable utilization of this unmarket- 
able fruit. 

Citrus growers themselves are now operating two by-products 
plants, one for lemons at Corona, Calif., and the one for oranges at 
Ontario, Calif. Commercial concerns are now manufacturing on a 
profitable scale numerous marketable products from large quantities 
of cull fruit that would otherwise be a loss to the industry. 

One plant last year manufactured approximately 2,000,000 pounds 
of citric acid, using about 40,000 tons of cull lemons, which returned 
to the growers a net total of about $450,000. Another plant produced 
about 65,000 pounds of lemon oil with a value of approximately 
$70,000, as well as 30,000 pounds of pectin. 

From waste oranges are manufactured juice, marmalade, pectin, 
orange oil, and other products. One plant, which used last year 
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10,000 tons of oranges, put out, among other products, about 50,000 
pounds of orange oil having a wholesale value of approximatel, 
$100,000, 

One concern has even found a profitable outlet for orange pulp 
from which the juice has been extracted. The disposal of pulp wa: 
once a distinct problem, costing the concern about $800 a menth. |: 
is now prepared as a feed for dairy cattle and sold as wet pulp fo: 
about $3 a ton. The handling of this product instead of being 
monthly liability of $800 now returns the concern a profit of from 
$2500 to $3000 a month. 

The research laboratory at Los Angeles made considerabl: 
progress last year in studies to determine the exact chemical diffe: 
ences between the oils made from California fruit and those made 
from European oranges and lemons. The results of this investigatio: 
should show the relative values of the oils for certain uses, such as thi 
manufacture of ice creams, hard candies, cake icings, perfumery, 
and beverages. 

By means of an improved machine to press the oil from orange 
and lemon peel developed during the past year, at least five pounds 
of oil can be pressed from the peels of a ton of lemons. One concern 
in Los Angeles uses 60 tons of citrus fruit a day in making juice |!) 
means of a revolving burr-type machine. As citrus oils are worth 
approximately $2.50 a pound, the extraction and utilization of the oil 
would mean an additional return of $12.50 for each ton of cull fruit, 
or on the output of this one plant, a gross additional income of $750 
a day. More work must be done to perfect the machine, howeve: 
before it can be commercially applied. 

It is believed that the research work now under way will enable 
California manufacturing concerns to utilize these oils from orang: 
and lemon peel for all purposes for which the European oils can 
now be used. 


How Crops Prevent Erosion Shown by Tests. (Popula 
Mechanics, March, 1927, p. 375.)—Interesting demonstrations illu 
strating how crops prevent the soil from wearing away, have bee: 
conducted at the Missouri Experiment Station. The test field was a 
small plot with a slope equivalent to 3.68 inches to each 100 feet 
Under average rainfall of 35.87 inches, it was shown, by collecting 
the run-off in tanks and weighing the sediment that ran off, a culti 
vated field without a crop would wear away at the rate of forty-on 
tons to the acre each year. That meant that it would take but twenty 
four years to remove seven inches of surface soil over the entire acr« 
Sod land lost but .28 ton of dirt per acre each year. Where wheat 
was grown continuously, the loss was 6.6 tons, a corn plot was 
reduced by 17.8 tons, while a rotation of corn, wheat and clover lost 
only 2.3 tons to the acre, showing that an alternating system 0! 
planting not only prevents too rapid depletion of the soil in richness 
but reduces its erosion. 


FORMAL PRESENTATION OF A PORTRAIT 
OF DR. COLEMAN SELLERS TO THE 
FRANKLIN INSTITUTE. 


SPECIAL exercises were held to celebrate the formal presenta- 
tion to The Franklin Institute of a portrait of Dr. Coleman 
Sellers, a long-time member of the Institute, a member of the 
Board of Managers from 1862 to 1905, and President from 
1870 to 1874. 

The portrait was donated to the Institute by Mrs. S. W. 
Colton, Jr., of Bryn Mawr, Penna., the daughter of Doctor 
Sellers, who had the portrait painted by William John 
Whittemore, of New York City, especially for The Franklin 
Institute. 

The meeting was presided over by Dr. Wm. C. L. Eglin, 
President of the Institute. He announced that the meeting had 
been called to receive the portrait of Dr. Coleman Sellers, which 
was presented by his daughter, Mrs. S. W. Colton, Jr., and that 
the formal presentation would be made in her behalf by her 
brother, Mr. Horace Wells Sellers. 

Mr. Sellers made the following presentation remarks : 

Mr. President: For nearly half a century, almost throughout 
his entire professional career, Coleman Sellers, Sr., maintained 
his interest in the objects and activities of this Institute. He was 
for four terms its president, for many consecutive years, one of 
its Board of Managers, a frequent contributor to its proceedings 
and to the work of its committees. He had an interest that was 
in due measure and in turn sustained by his son, the late 
Coleman Sellers, Jr. 

There was an earlier though indirect association, but one that 
Doctor Sellers liked to recall, when in his boyhood he was a pupil 
of Prof. James P. Espy, whose school was on the upper floor 
of this building. 

In token of these associations, it is, Mr. President, my privi- 
lege, on behalf of the donor, to present to The Franklin Institute, 
this portrait of Coleman Sellers, Doctor of Science, Doctor of 
Engineering, the gift of his daughter, Mrs. Sabin W. Colton, Jr. 

In accepting the portrait for the Institute, Doctor Eglin said: 

44t 
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On behalf of the Institute, and representing its Board 
Managers, it is a great pleasure to me to accept this portrait. \\\ 
of the Institute feel that the possession of this portrait will keep 
before us the high ideals and inspirations which Dr. Coleman 
Sellers gave so freely during his life. Dr. Coleman Sellers was 
not only President, but also occupied the Chair of Professor 0: 
Mechanical Engineering during the life of the school. I desir 
to express to Mrs. Colton our sincere thanks for presenting this 
very handsome portrait. 

The President then introduced the speaker of the occasion, 
Dr. Lewis B. Stillwell: 

We are fortunate in having with us to-day an associate 
Doctor Sellers in his work with the Niagara Falls Power Com 
pany. Doctor Sellers was President and Chief Engineer of that 
company, and I now present Doctor Stillwell, who was associated 
with Doctor Sellers as Electrical Director of that company. H_ 
will be able to tell us some of Doctor Sellers’ work outside 
the Institute. 

Doctor Stillwell read the following paper: 


DR. COLEMAN SELLERS. 


It is eminently appropriate that a portrait of Dr. Coleman 
Sellers should occupy an honored position in the hall of The 
Franklin Institute of Philadelphia. 

Sprung from a family distinguished for its contributions to 
science and the mechanic arts, he became one of the really great 
contributors to progress in that field which the Institute was 
founded to encourage and, since its founding, has consistent!) 
and effectively promoted. 

In 1856, at the age of twenty-nine, returning from a ten-year 
period of intense activity in Cincinnati, he became one of the most 
active and useful members of the Institute, serving on numerous 
committees and contributing papers, discussions and _ lectures 
For several years he was Vice-president and for four successive 
years President. For more than forty years he was a member 0! 
the Board of Managers. From time to time he was active 1 
organizing and managing public exhibitions under the auspices 0! 
the Institute, notably that of 1874. 

The speaker’s personal knowledge of Doctor Sellers’ work as 
an engineer begins in 1890, when the latter began his study of th: 
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problem of the development of power at Niagara Falls. At that 
time he was sixty-three years of age and for upwards of fort) 
years had been making important contributions to engineering 
progress. It is a remarkable fact that at a period of life when 
most men are ready to reduce their obligations and activities, lx 
undertook a problem of extraordinary magnitude and importance 
in an uncharted field. His contributions to the solution of tha: 
problem, now universally recognized as sound, justify the stat 
ment that this work was the crowning achievement of his great 
career as an engineer. 

Within the time available, it is possible only to sketch in meres: 
outline his activities prior to his connection with the Niagara 
enterprise. My information regarding those activities is derived 
chiefly from an article by the late Dr. Henry Morton, President 
of Stevens Institute, published in Cassier’s Magazine, in 
August, 1893. 

Born at Philadelphia on January 28, 1827, he was educated 
at private schools in that city and at Bolmar’s Academy, West 
Chester, Penna. As a boy, he evinced great interest and aptitude 
in the field of natural philosophy. While a student at the academy 
at West Chester, at the age of fifteen, he kept a diary in which 
the following passages are significant of the trend of his mind 
at that early age: 


“Nov. 3rd, Thursday, 1842. 

“ Began to make a hygrometer ; it is made of catgut on which the atmos 
phere acts, expanding and contracting it, thus moving an index which show 
the degrees on a plate. I have been thinking of making one of a piece « 
ash, which, by expanding and contracting, works compound levers whic! 
are joined to the index; thus, by a slight difference in the wood, a great 
difference will be perceived in the position of the index; it is to be mad 
pretty much on the same principle as those instruments which show thx 
expansive power of metals, only instead of metal a piece of ash is used 1 
the body to be expanded, and instead of being acted upon by the heat it 
to be acted upon by the atmosphere.” 


“ Nov. 4th, Friday. 

“ At work at my hygrometer, but could not complete it for want o! 

tools. Made an improvement in the instrument; instead of having a weight 

fastened to the catgut, I intend to put a spring. The benefit of this is that 
the instrument will work in any position when, if there was weight fasten 

to the spring, it could only work when in a perpendicular position.” 
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“Nov. 8th, Tuesday. 

“ Did my first sums in trigonometry to-day; find it pretty easy. Began 
to read Waverly by Walter Scott. Began to make a machine to show that 
a weight dropped from the mast of a vessel while in motion will take a 
diagonal direction in its descent and fall at the foot of the mast.” 


Regarding his mental activity as a boy, Doctor Morton, in the 
article to which I have referred, remarks: 

“ His intense longing at this time for information in natural 
history, natural philosophy, and chemistry, was not satisfied by 
the lectures that were delivered to the scholars by a local doctor 
of medicine. Wanting the assistance of the best text-books, he 
was compelled to pursue, unaided, such studies as botany and 
mineralogy, while to gain all the possible good from the meagre 
lectures on physics and chemistry, he spent, as the quotations 
from his diary indicate, much of his spare time in making 
apparatus to illustrate the facts and theories imperfectly taught in 
the lecture room.” 

He completed his course at Bolmar’s Academy in his seven- 
teenth year and, due to parental solicitude for his health, devoted 
the next two years to practical agriculture. Here his mechanical 
bent again asserted itself and among other devices he “ contrived 
and drew a metal-toothed hay rake, mounted on _ wheels, 
which antedated the machine now so generally used, but then 
unheard of.” 

In 1846, at the age of nineteen, he entered the service of the 
Globe Rolling Mill, in Cincinnati, Ohio, operated by his elder 
brothers, Charles and George Escol Sellers. Here he was 
employed in designing improved mill machinery and acquired 
knowledge of the processes incident to rolling merchant iron, iron 
rods, telegraph wire and the flat rails used at that time on rail- 
roads of the West. 

He became interested in botany, mineralogy and conchology. 
The lime-stone rocks around Cincinnati were rich in small fossils, 
and it is said that his collection included many perfect specimens. 
He procured a few battery cells as used in the telegraph outfits 
of that time and utilized his spare time in repeating the electrical 
experiments that had been announced by Faraday and others, 
making for himself the apparatus required. 

Before Doctor Sellers was twenty-one years of age, he was 
Superintendent and Manager of the Globe Rolling Mills, and in 
1851 he was building locomotives invented by one of his elder 
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brothers for use on the Panama Railroad. Next, he becam 
foreman of the locomotive works of James and Jonathan Niles. 
in Cincinnati, and his improvements in machine tools, in this 
connection, led to an offer from his kinsmen, William Sellers anc 
Company, of Philadelphia, in 1856, to take charge of thei: 
drafting room. ‘“‘ His experience as a locomotive builder hac 
strongly impressed him with the demand that then existed fo: 
better machine tools to reduce the cost of locomotives and improv: 
the quality of the work, particularly the need of special too! 
designed for that service, and he found in his new business amp| 
opportunity to work out his ideas and further develop and appl) 
his ability as an engineer and inventor.”’ 

He retained his position with William Sellers and Company 
as chief engineer and as a member of the firm, for over thirty 
years, extending his experience over a wide field, embracing not 
only machine tools, but a great variety of hydraulic machinery, 
cranes, hoists and elevators, presses and forging machines, 
engines, pumps and injectors, turn-tables and pivot-bridges, and 
much else. 

Doctor Morton, an unquestioned authority, says that his work 
at that time was characierized by originality, correct mechanical 
design and unusual elegance of outline. A large number ot 
patented inventions are credited to him. Among these, the double 
cone coupling for shafts, a highly successful substitute for th 
flange, or plate, coupling previously used, became widely know: 
and extensively adopted. It effected a radical change in the manu 
facture of shafting, cheapening the cost of production and greatly 
facilitating installation and repair. 

Aside from his manifold duties as Chief Engineer of William 
Sellers and Company, Doctor Sellers found time for much work 
of a scientific character. He was one of the first, if not the first, 
to employ the then new art of photography to illustrate machiner) 
for advertising purposes. This was in 1858 and as the results 
obtained by the portrait photographers at first employed were not 
satisfactory, he personally learned the process and a photographic 
dark room was soon established as a regular adjunct of the drait 
ing room. He became greatly interested also in portrait and land- 
scape work and for many years this became his most absorbing 
avocation. He was one of the founders of the Philadelphia 
Photographic Society and a prominent member of the Amateur 
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Exchange Club, founded in 1861 by Mr. H. T. Anthony, of 
New York. 

Among other inventions relating to photography, Doctor 
Sellers made and patented, in 1861, a device which he called the 
kinematoscope for the exhibition of stereoscopic pictures of 
objects in motion, which instrument he considered particularly 
desirable for illustrating machinery in action. This was a crude 
prototype of the cinematograph. As shown by his patent draw- 
ing, he contemplated also the use of an endless belt approximating 
more closely the modern highly developed machine. 

In the development and extension of technical education in 
America, The Franklin Institute was a pioneer and in this great 
constructive work Doctor Sellers was especially interested and 
active, not only in the work of the Institute, but through other 
channels. For many years, he delivered frequent lectures at the 
Stevens Institute, in Hoboken, lectures which undoubtedly 
influenced many men who since that time have made important 
contributions to the development of our natural resources through 
the mechanic arts. In the earlier days of the long battle between 
the advocates of the metric system and its opponents, he was a 
striking figure and an effective champion of the English system 
of measurements, his keen mind and long, practical: experience 
combining to make him one of the most influential opponents of 
an enforced introduction of the metric system. 

Throughout his long and active life, his keen mind and tireless 
energy brought to bear upon the practical problems which he faced 
as an engineer the aid of science in various fields. I have said 
that he employed photography as an aid in advertising. He used 
the microscope to investigate boiler scale. He introduced electric 
signalling for communication between the several departments 
of his company’s extensive establishment and himself became a 
skilled operator. He acquired considerable facility in the use of 
short-hand. During the period of his intensely active connection 
with the Niagara Falls power enterprise, in which it was my great 
privilege to be in close contact with him, the intensity of his 
mental concentration upon each problem as it arose was equalled 
only by the ingenuity and variety of methods of attack and of 
solution which his broad knowledge and his imagination, as well 
as his wide practical experience, suggested. From personal knowl- 
edge, I can testify that Doctor Morton in no way exaggerated 
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when he said regarding Doctor Sellers: “ As the result of persona 
observation extending over many years and facilitated by the mos: 
intimate acquaintance, the writer does not hesitate to say that 
Doctor Sellers furnishes a most striking illustration of intellectual! 
power unconfined by the limitations of any single subject, or class 
of subjects, but reaching out into countless directions. In great 
things, or little, to whatever subject he turns his attention, h 
masters it with astonishing rapidity and completeness.”’ 

I first met Doctor Sellers in the summer of 1890 in London 
As engineering adviser to the Cataract Construction Compan) 
then recently organized, he and Mr. Edward D. Adams, the presi 
dent of that company, were investigating the development and 
utilization of hydraulic power in Europe. They spent severa 
weeks in London and invited a number of engineers from time to 
time to meet them to discuss the subject. I happened to be i: 
London at the time and, with Mr. Reginald Belfield, electrician 
of the British Westinghouse Electric Company, Ltd., was invited 
by Mr. Adams to meet Doctor Sellers and himself at Brown's 
Hotel, in Dover Street. 

At the outstart, I was greatly impressed by Doctor Sellers 
attractive personality and keenness of mind. At that time, as 
have said, he was sixty-three years of age, but he brought to th 
consideration of the problem an enthusiastic interest and a mental 
energy rarely found in one no longer young. As [ realized 
increasingly in later years, enthusiasm, earnestness and a kee 
interest in the matter at hand at all times characterized both tl. 
Doctor’s work and his play. I was impressed especially by th« 
nervous energy with which he set forth various tentative plans 
which had been suggested and his eager interest in the possibilities 
of electricity as developed up to that time in the field 01 
power distribution. 

In the late autumn of 1892, I again came in contact with 
Doctor Sellers when, in response to an invitation from Mr. George 
Westinghouse, he and Professor Rowland visited Pittsburgh to 
investigate the possibilities of alternating current apparatus, as 
then developed, and particularly to test the then new rotary con 
verter and to determine the effect of comparatively low frequen 
cies upon incandescent lamps. From that time until 1897, as 
engineer of the manufacturing company which constructed and 
installed the first generators and their electrical equipment at 
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Niagara, and subsequently for three years as Electrical Director 
of the Niagara Falls Power Company, during the period when 
the first 50,000-horse-power plant was completed and put into 
commercial operation, it was my great, good fortune to see much 
of the Doctor and of his work. No experience perhaps could give 
one a more comprehensive, or accurate, knowledge of his charac- 
ter and ability than could be acquired during a period of such 
close professional relationship, first, from the standpoint of repre- 
sentative of the contracting company, and, later, from the stand- 
point of mutual interest and codperation in the work of the Power 
Company. During those ten years and, indeed, at all times, 
Doctor Sellers’ attitude was that of the ideal engineer—patient, 
eminently constructive, zealous and tireless in protecting the inter- 
ests of his client, but always coOperative and never unjust. Seek- 
ing to construct no monument to himself, his sole object was to 
assist in the creation of a successful enterprise and the solution of 
a fundamental engineering problem of far-reaching importance. 

To understand and appreciate the importance of Doctor 
Sellers’ work at Niagara, it is necessary to realize the state of 
the art of power transmission and distribution at the dates when 
the decisions of the Cataract Construction Company were made. 
The most definite plan which had been suggested before 
Mr. Adams and his associates acquired their charter contemplated 
an exclusively hydraulic development, a canal of considerable 
length being used to convey water to mills and factories located 
at various points convenient to the canal and a parallel outlet tun- 
nel approximately 150 feet beneath the surface discharging intu 
the Niagara gorge below the falls. The power for each mill and 
factory, or closely adjacent group of mills and factories, was to 
be developed by its own hydraulic turbines, receiving water from 
the canal and discharging it into the tunnel. As an alternative 
to this plan, which was in line with American practice at Holyoke, 
Manchester and elsewhere, the possibility of one or more large 
centrally located plants, with some method of transmitting and 
distributing power, was considered. In presenting its problem, 
the company indicated no prejudice or preference. The question 
asked was simply: “How can the power at Niagara best 
be utilized ? ”’ 

Under such conditions, the work of the Niagara Falls Power 
Company demanded from its technical advisers, skill, vision and 
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judgment of a high order. Fortunately, the management of th. 
company was eminently wise and far-sighted and under its dire 
tion the minds of a selected group of the ablest scientists 
America and Europe were brought to bear upon the problem 0: 
utilizing the power of the great falls. From Europe came Lor 
Kelvin, Mascart, Turretini, Unwin and Forbes. From America 
came Sellers, Herschel and Rowland. 

In 1890 the Niagara Commission, comprising Lord Kelvi: 
{then Sir William Thomson), Doctor Sellers, Mascart, 
Turretini and Unwin, was organized. Of this Commission, Lord 
Kelvin was Chairman and Unwin, Secretary. Numerous firms 
and individual engineers were invited to submit plans for th 
utilization of Niagara power and prizes were awarded by the 
company. Twenty-two projects were submitted in this comp 
tition, twenty from Europe and only two from America, thi 
American electrical manufacturing companies having declined to 
compete. In the light of present knowledge, it is interesting to 
note that both of the plans submitted by American companies 
contemplated the use of compressed air in distributing power, as 
did also some of the plans submitted by European competitors 

Naturally, the plans suggested and, in many cases, strong!) 
advocated, were various and often divergent. The problem 
constructive development faced was complex and difficult. [ts 
solution called not only for analytical and constructive ability 
a high order, but for untiring patience, imagination, foresight. 
and, above all, for sound judgment. 

From 1890 to 1893 the engineers selected by Mr. Adams and 
his associates were engaged in their far-reaching investigation 
During this time Doctor Sellers, by his character, his zeal and his 
sound judgment, established himself gradually in the confidenc 
of the Board until, by making him President and Chief Engineer 
of the Niagara Falls Power Company, and requiring his approval 
of all construction plans, they placed upon him final responsibility 
for all engineering decisions involved in their enterprise. As a 
designer and inventor, he contributed to the equipment of the first 
and second power houses at Niagara a number of features « 
value, including hydraulic governor improvements, thrust bea: 
ings, machinery for raising and lowering gates and mechanical 
features of dynamo design. 

Prior to 1890 the practicability of transmitting large amounts 
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of power by electricity had not been demonstrated. In America, 
the determining steps in the development of the art of electric 
transmission were taken between 1885, when the idea of supplying 
incandescent lamps by alternating current through the intervention 
of transformers was brought to America, and 1895, when the first 
alternator was put into commercial service at Niagara. Since 
then progress in this field has been measured by a gradual increase 
in size and efficiency of hydraulic and electric units and by step- 
by-step progress in the development of high-tension insulators 
and the mechanical supports for transmission circuits. The first 
plant of the Niagara Falls Power Company involved steps rela- 
tively greater than any since taken. In those early days applicable 
theory was in its infancy, while practical precedent on a com- 
parable scale did not exist. 

The extent to which the judgment and painstaking investi- 
gation of Doctor Sellers influenced electrical development in 
America along lines now well established has not generally been 
recognized. As a member of the International Commission, he 
opposed successfully a resolution moved by Lord Kelvin himself, 
which aimed to exclude from further consideration all systems 
of electrical power transmission other than the direct current 
systems. Doctor Sellers wisely took the ground that the Com- 
mission’s knowledge of the possibilities of alternating current 
at that time was not sufficient to justify action which would close 
the doors to that system. Fortunately, his opinion prevailed. 
Few at this time would question the soundness of his judgment. 

When the rapid development of alternating current lightning 
and power systems led to general recognition of the transformer 
as the key to the problem of electrical transmission, advisers both 
within and without the Power Company’s organization presented 
for consideration the claim of various voltages and frequencies. 
The two-phase and the three-phase systems had their respective 
advocates and strong supporters of various direct current systems 
still were active. The electrical experts of the Cataract Construc- 
tion Company failed to agree in regard to various essential feat- 
ures and in exercising his power of supervision and approval of 
all plans, Doctor Sellers accepted heavy responsibility not only in 
his own special field of mechanical engineering, but in the 
hydraulic and electrical fields as well. 

From 1889 to 1893 many important questions of engineering 
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practice, in respect to which there is now practical unanimity 

opinion, were earnestly debated. In those years the Doctor, sound 
in his judgment, concillatory toward others, untiring in his effort 
to secure what would stand the test of time, was the advise: 
whose counsel chiefly guided his company in regard to all technica! 
questions. His broad knowledge of physical science and his long 
experience in dealing with mechanical problems qualified him pr: 
eminently in an enterprise involving large investment in a new 
field. From personal knowledge, I can testify that his ability 
to study a problem objectively and without prejudice, his enthusi 
astic energy and his courage in assuming great responsibility, 
were in every way admirable. I can testify also that his high 
character, his personal charm and his modesty contributed in no 
small degree to the successful solution of the Niagara problem 

The far-reaching influence of the first plant of the Niagara 
Falls Power Company upon the development of the art of trans 
mitting power by electricity has been widely recognized anid 
instances might be multiplied in which his foresight avoided, 01 
skill surmounted, difficulties which but for him would have handi 
capped seriously the remarkable engineering and _ industria! 
development to which that plant contributed so much of value 

As an engineer he earned the highest respect of his associates, 
and of all with whom he had dealings. As a man he won not onl) 
the respect, but also the affection of all who were admitted within 
the circle of his friendship. 

In the annals of man’s gradual conquest of nature, there is 
revealed at rare intervals a great discoverer standing like Cortez 
“silent upon a peak in Darien "—gazing out upon a newly dis 
covered ocean of truth, but after Cortez the Pacific needed many 
explorers to follow up his work of discovery and it needed also a 
Maury to chart its prevailing winds and currents. In like manne: 
every discoverer of a law of nature not only reveals a new field 
for the scientific explorer, but calls for the engineer to follow the 
scientist and utilize his vision for the good of mankind. Franklin, 
whose name this Institute bears, was a philosopher, a statesman, 
a diplomat, a scientist and he also was, perhaps preeminently, 4 
practical engineer. Among the able men since his day who have 
been identified with The Franklin Institute, few, if any, hav 
done more than did Dr. Coleman Sellers to make available to 
human use those dynamic forces of nature so long overlooked 
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The President then called upon Doctor McClenahan, Secretary 
of the Institute, who stated that we had hoped to have with us 
Doctor Adams, President of the Cataract Construction Company, 
an intimate associate of Doctor Sellers; that because of his age 
and the state of his health, Mr. Adams was not able to come from 
New York, but that he had sent the beautiful floral tribute dis- 
played near the portrait, as his contribution to the memory of a 
friend whom he still holds dear. 

Doctor Eglin then adjourned the meeting with an expression 
of thanks to Mr. Sellers, and to Doctor Stillwell, for the perma- 
nent tribute which he had given us of the standing of Doctor 
Sellers outside of our own community. He stated further that 
the work of Doctor Sellers at the Institute needed no testimonial, 
and that those of us who knew Doctor Sellers felt that we had 
gained greatly from that contact. 

In connection with the presentation of the portrait, Mrs. 
Colton received a letter from Mr. A. E. Outerbridge, Jr., describ- 
ing an incident in Doctor Sellers’ connection with the Institute. A 
portion of this very human document is given herewith: 

“. . . I was ever in the office of the Secretary of the Insti- 
tute (Prof. Henry Morton) when an inventor was showing to a 
group of half a dozen engineers a so-called ‘ unpickable lock,’ the 
peculiar feature being that there was no visible keyhole. The 
lock was fastened to the underneath side of a highly polished 
steel plate about seven by eight inches; the upper surface was 
engraved with fine lines resembling the pattern of watered silk. 
After careful scrutiny the men all said they could detect no means 
of finding a keyhole. The inventor then produced a small horse- 
shoe magnet which he said was the only possible ‘ open sesame.’ 
Placing the magnet on the plate, near the middle, he drew up a 
piece of the steel plate the size of a keyhole, that had been so 
skilfully ‘ mitred’ in, following the engraved lines, that it escaped 
all observation. The inventor said that unless a burglar had a 
similar magnet he could not withdraw the mitred piece. This was 
considered quite ingenious. 

‘Just then Dr. Coleman Sellers happened in, after the mitred 
piece had been restored to its place. Doctor Sellers took a small 
magnifying glass out of his pocket, examined the plate, and said 
to me, ‘ Outerbridge, will you please go downstairs to the labora- 
tory, where you will see a long piece of light steel spring from an 
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old clock. Cut off a piece about four inches long and bring it to 
me with a piece of beeswax you will find in the drawer of the 
work bench.’ I quickly did this. Doctor Sellers bent the spring 
into a bow, fastened a little piece of beeswax in the middle, pressed 
it down on the spot where the inventor had previously placed his 
magnet, and up popped the mitred piece of steel, causing quite a 
sensation. The inventor was evidently chagrined, for he picked 
up his lock and walked out. 

“ Doctor Sellers explained that by the aid of the magnifying 
glass he detected at once the mitred piece of steel, and took a 
chance that the beeswax would stick and the spring would be 
strong enough to raise the piece from its seat. . . .” 


Dogwood and Persimmon Trees Provide Wood for Many 
Uses. (U.S. Department of Agriculture, Bulletin No. 1436-D.)— 
That the woods of dogwood and persimmon trees, so necessary fo: 
shuttles in the textile industry of the world, are valuable and are 
becoming increasingly more difficult to obtain, is brought out in a 
recent publication of the Forest Service, entitled “ Utilization oi 
Dogwood and Persimmon.” As yet no satisfactory substitutes, 
either native or foreign, for these two woods have been found. 

Many owners of dogwood timber, because of its small size, hav: 
not realized its value, and have either not made efforts to market it 
or have allowed the dogwood and persimmon to be injured when the 
larger timber associated with it was removed. The new publication 
stresses the value to the farmer and woodland owner of these woods 
and urges their most careful utilization. 

The publication points to the waste of dogwood and persimmon 
and the remedy for waste not only in the forest, but at the mill and 
shuttle factory. It shows that most of the losses occur in seasoning, 
and it contains suggestions for improved methods of seasoning. It 
urges that further research be done in impregnating these two woods 
to make them moisture-resistant, and gives information about other 
native woods which may possibly serve as substitutes for the dwind 
ling dogwood and persimmon. The supply of these suggested sub 
stitutes is mentioned, and the mechanical and physical properties are 
compared to dogwood and persimmon. 

The publication closes with the statement: “ Textile and shuttle 
manufacturers at present display undue confidence in the sufficienc) 
of the supply of raw material for shuttles. Although it is true that 
curtailment may not be imminent, some organized action and research 
on the part of those especially interested, will not only go far toward 
postponing future curtailment of the woods at present used, but may 
also make available certain native or foreign species not now used. 
and thus increase the supply of woods suitable for shuttles.”’ 
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WALTON CLARK MEDAL AND THE PRESENTATION 
TO DR. WALTON CLARK AS ITS FIRST RECIPIENT. 


TUESDAY AFTERNOON, DECEMBER 21, 1926. 


THE United Gas Improvement Company of Philadelphia has 
generously donated to The Franklin Institute sufficient funds for 
the establishment of a medal to be known as “ The Walton Clark 
Medal,” to be awarded for “ original and notable work in the gas 
industry.”” This medal is given in honor of Dr. Walton Clark, 


Obverse. (Reduced.) Reverse. 


for thirty-five years an officer of the United Gas Improvement 
Company, and for seventeen years President of The Franklin 
Institute. 

Because of Doctor Clark’s distinguished and valuable contri- 
butions to the gas industry, the Board of Managers of The 
Franklin Institute, upon the hearty and unanimous recommen- 
dation of the Committee on Science and the Arts, has awarded the 
first Walton Clark Medal to Dr. Walton Clark. 

Formal presentation of the medal to Doctor Clark was made 
at special exercises held in the Hall of the Institute at three 
o'clock on the afternoon of Tuesday, December twenty-first. The 
exercises were as follows: 

The meeting was called to order by the President of the Insti- 
tite, Doctor Eglin, who announced : 


“ This is a special meeting of the Institute, called for the 
purpose of awarding the first Walton Clark Gold Medal. 

“Through the generosity of the United Gas Improve- 
ment Company, the Institute has received securities, interest 
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eal weenie 


from which will provide a sum sufficient for the awarding 
of one medal each year; the balance of such income to ly 
used for the purchase of such books as relate to the ¢g 


as 


industry—to be known as ‘The Walton Clark Memorial 
Library.’ The deed of the gift, outlining the conditions | 

the award, has been prepared in the broadest terms by th 
United Gas Improvement Company officials, so that the meca! 
may be awarded for any invention or appliance or process 
covering the full scope of the gas industry. The Board o| 
Managers of the Institute desires to extend its thanks fo: 
this generous gift. 

“ The Committee on Science and the Arts has considered 
the award of the first medal, and has presented its report 
which has been unanimously approved by the Board oi 
Managers. I have the honor now of calling upon the Secre 
tary, Doctor McClenahan, to present this report.” 


The Secretary read the following: 


“The Committee on Science and the Arts of The 
Franklin Institute recommends the award of the Walton 
Clark Medal to Dr. Walton Clark, of Philadelphia, ‘in con 
sideration of his life work in the American gas industry and 
his distinguished and outstanding contributions to technical 
progress in that industry, as a pioneer in the association o! 
chemical and physical laboratories with the developmental 
work of the gas companies, by his participation throug! 
interest, suggestion and advice in the invention of a process 
for the complete gasification of coal, in the development oi! 
processes for operating water-gas sets, and in the institutio1 
of beneficial modifications of water-gas apparatus, by numer 
ous articles contributed to the technical press, and by his 
unfailing interest in the educational progress and the all 
around development of the younger men who were fortunat: 
enough to be associated with him.’ ” 


The Secretary then presented Doctor Clark for the award, 
which was made by the President in the following terms : 


“Dr. Walton Clark: By virtue of the authority con 
ferred upon me as President of The Franklin Institute, and 
upon the recommendation of the Institute’s Committee on 
Science and the Arts, I have the honor to present to you the 
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first Walton Clark Gold Medal. On behalf of the Board of 
Managers, I desire to record their satisfaction and pleasure 
that this medal has been awarded to you. In the many years 
most of the present members of the Board of Managers have 
approved the recommendations of medals, they feel there has 
been no instance, because of their personal knowledge and 
contact with you, in which the award has been more highly 
deserved than in this case, which has their hearty and enthusi- 
astic approval.” 


In accepting the medal, Doctor Clark responded : 


“Mr. President: I thank you for the kindly words with 
which you have presented the Walton Clark Medal to me. I 
thank The Franklin Institute for this honor which they have 
given me, and which I fear is all too little deserved. I 
thank my friends and associates for taking an hour of a busy 
day to see me receive this honor. I am feeling very grateful, 
and also not a little humble.” 


The Secretary then read several congratulatory messages 
which had been received from members of the Board of 
Managers who were unable to be present, and from other friends 
of Doctor Clark. 

The President adjourned the meeting, after which an informal 
reception was held by Doctor Clark. 


The Angles of Incidence for Which the Intensity of Regularly 
Reflected Radiation Is a Minimum. K. PFANNENBERG. (Zeit. f. 
Phys., 37, Nos. 10 and 11.)—It is commonly stated in the case of a 
ray of light falling upon a reflecting surface of a transparent sub- 
stance that the intensity of the reflected ray increases as the angle 
of incidence becomes larger. This is easily confirmed by observing 
the back of one’s hand under different angles. This relation has, 
however, a limitation that is not generally known. It holds only for 
such substances as have for the radiation concerned an index of re- 
fraction not greater than 3.732. When the index exceeds this limit, 
there is a certain angle of incidence for which the intensity of the 
reflected radiation is a minimum. Jentzsch-Graefe has called atten- 
tion to the limitation and some reference is found in Mascart’s 
“ Traité d’Optique.” For cases of reflection where the index of 
refraction does not exceed 3.732 the angle for minimum reflection is 
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o°. An increase beyond the limiting value causes the shifting of th: 
angle of minimum reflection to ever greater departures from perpen 
dicular incidence. The usual methods of demonstrating this displac« 

ment of the angle fail because for visible radiation no substance has 
an index of refraction larger than 3.732. Recourse must consequent]) 
be had to electrical waves for which the index of water is 8.9. Th: 
author therefore set up an apparatus in the University of Marburg 
by which a train of electrical waves of 25 cm. length fell upon ; 
free surface of water in a wooden vessel, 120 by 125 by 20 cm. in 
dimensions. The receiving apparatus consisted of a linear crysta! 
detector joined to a galvanometer. 

The source of waves could be made to emit radiation with its 
electrical vector either perpendicular to or parallel to the plane oi 
incidence with the water surface. From the galvanometer deflection 
the percentage of radiation reflected was calculated for both directions 
of the vector and the percentage for unpolarized radiation was found 
by taking the average of the two. In the case of the vector being 
perpendicular to the plane the percentage of incident radiation re 
flected from the water surface increases from 64.2 when the angle of 
incidence is 0° to 100 for 90°. With radiation having the vector 
parallel to the plane, the percentage reflected at 0° is again 64.2. As 
the angle grows larger it grows smaller until at 83° only .47 per cent. 
of the incident radiation is reflected. For larger angles the percentag: 
increases, reaching a value of 98 for g0°. The curve showing the 
change of the percentage of reflected unpolarized radiation closel\ 
resembles in general form that for radiation with the vector paralle! 
to the plane. For unpolarized radiation the angle of minimum r 
flection is 83° where 47.7 per cent. of the incident light is reflected 

According to theory this angle should be smaller provided th: 
index of refraction of the reflecting material be less than that o! 
water. There are no strictly solid substances with indices large: 
than 3.732. According to Debye’s Dipole Theory it is only in liquids 
that so high indices may be found. The cost of many otherwise 
available substances precluded their use, so that solutions of sodium 
chloride were finally used. For a 3 per cent. solution the angle o/ 
incidence for minimum reflection was 82° with 47.3 per cent. reflected. 
The corresponding quantities for 10 and 30 per cent. solutions are 
82°, 46.8 per cent. and 80°, 44.1 per cent. The indices for the last 
two solutions were 7.8 and 7.65, respectively. Determination of the 
minimum angle was made also on a mass of impure asphalt. No 
minimum angle was found for unpolarized radiation. Indeed none 
should have been expected as the value of the index of refraction was 
1.7. The reliability of the method of measurement used was furthe: 
confirmed by applying it to radiation reflected from a metal. Her: 
there was no change in the percentage of light reflected when the 
angle of incidence varied. This was what was expected. G. F. S. 
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NOTES FROM THE NELA RESEARCH LABORATORY.* 


ELECTRICAL AND THERMAL CONDUCTIVITY AND 
PERIODIC SYSTEM OF ELEMENTS. 


By Richard Rudy. 


ATTEMP's to correlate the electrical and thermal conductivity 
with the place in the periodic system of the elements have been 
only partly successful ; although in general the conductivity of the 
elements decreases from a maximum for the first element of the 
period (or half-period), where only one valence electron is evi- 
dently present, new high marks are reached within the periods for 
Cr, Mo, and W. The analysis of the spectral terms of Cr and Mo 
is at present fairly complete and shows that contrary to what 
might be expected, these elements possess one single electron in 
their outermost orbit. This is due to the rivalry between the n, 
or “d” and the (m + 1), or “ s” orbits; these elements are unable 
to retain both (#2 + 1), electrons in their outer group. 

K - Ti V Cr Mn Fe Co Ni Cu 
Electrons in 3s orbits o 7 8 10 
Electrons in 4, orbits 1 2 ' I 
Normal state gs I¢ 3p oe s, 5p 4P p> ©6625 
and similarly 

Cb Mo Ru Rh 

Electrons in 4: orbits 3 5 6 7 
Electrons in 5: orbits y I 2 2 
Normal state s : + Je. Se 4 Is 


The spectra of the last long period, including the W spectrum, 
have not yet been sufficiently analyzed; but there is little doubt 
that the term 7,5 predominates as regards intensity and absorp- 
tion ; the ultimate lines excited, for instance, by active nitrogen are 
also due to the 75 state. 

Consequently the presence of a single m, electron in the normal 
state S of the atom seems decisive for high thermal or electric 
conductivity, so much that the unexpected structure for the ele- 
ments Cr, Mo, W could have been predicted before even their 
spectrum had been analyzed. The drop in conductivity from 
Rh to Pd is also accompanied by the loss of 5, electrons. 
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to the distribution of the electrons in the atom, and if the prope: 
ties of the atom are preserved, qualitatively at least, in the metall\: 
state, the orbits cannot have been destroyed in passing to the 
metallic state except that the binding of the electrons is probably 
weakened. The assumption that the conductivity is due to th 
outermost electron of the atoms gains thus strong support fron 
the results of spectroscopy. As the orbit m, is a very long 
“ ellipse,” divided into an inner and outer loop, the electrons may 
also penetrate into the neighboring orbits, particularly if the atom: 
are closely packed. The work to split off an electron must o! 
course also be considered; it is relatively lower for one sing 
electron than for one of a pair of electrons and increases from 
the left-hand side of the period towards the right-hand side. 
The study of the spectrum of elements having several oute: 
electrons has revealed the fact that most of the atoms can exist in 
metastable modifications. Thus, an elevation in temperature o/ 
several hundred degrees transforms part of the Tl atoms with 
6, orbits into atoms with 6, orbits. It is to be expected that these 
transformations are still possible to some extent for atoms in the 
solid state, where they may cause certain allotropic modifications 


THE FIXATIONAL PAUSE OF THE EYES.’ 
By P. W. Cobb and F. K. Moss. 


[ ABSTRACT. ] 


Wuize work has been done by others on this problem, it was 
felt to be of importance to make some check upon the results as 
the point becomes of especial interest in connection with earlie: 
work on “ Speed of Vision.” * 

If the eyes are focussed at a definite point and a test-object is 
exposed at this point, the object can be recognized within a tim 
ranging from a few thousandths of a second to about 0.3 second, 
depending upon several factors, such as the brightness and siz 
of the object. However, in ordinary work the eyes are not fixated 
upon a definite point, but are continually in motion. Their move 
ment has been shown to consist mainly of rapid sweeps with bric! 
pauses. During such sweeps it is obviously impossible to recog 
nize detail since the image is rushing across the retina at a corre 
~ * Jour. Exper. Psychol., 9, 1926, 259-367. 

* Trans. I. E. S., 19, 1924, 150-167. 
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sponding rate. The pauses are frequent, as many as two to seven 
in reading a single line of print. It is only during these instants 
of time when the image is nearly or quite at rest that an adequate 
impression can be made. 

The results from a total of 1900 measurements, made with 
nine subjects, indicated that the average fixational pause of the 
eyes, between 10° sweeps, is close to 0.15 second. The separate 
measurements fell nearly symmetrically on either side of this 
mean, and few pauses were found as short as 0.07 second and 
very few as long as 0.25 second. 


VARIATIONS OF PUPILLARY APERTURE,’ 
By L. L. Holladay. 


THE diameter of the pupil of the eye under various lighting 
conditions has recently been studied by the use of a double-pin- 
hole pupillometer. It was found that when the eye was adapted 
to perfect darkness for some time the diameter of the pupil was 
a maximum, K. For three observers the value of A was 6 to 
8 mm. When, however, the eye was adapted to a uniform field 
brightness of F millilamberts, the pupillary diameter P was given 
by the empirical equation 


p= Keron 
where ¢ is the base of the natural or Naperian system of 
logarithms. 

If, when the eye is adapted to a given field brightness, the 
field brightness be suddenly increased, the pupil suddenly con- 
tracts. The percentage of contraction is a complex function of 
the logarithm of the percentage increase in field brightness. 

It was found that a light-source in the field of view, but at an 
angle to the line of vision, influenced the size of the pupil in about 
the same manner as would a definite field brightness. The greater 
the illumination at the eye from the light-source, or the less the 
angle between the light-source and the line of vision, the greater 
the equivalent field brightness. 

It was further found that the size of the pupil varied with 
the distance from the eye to the object observed; but that the 
variation was due not so much to focal adjustments as to the 
convergence of the eyes. 


*Jour. Op Soc. Am. and Rev. Sci. In., 12, No. 4, p. 271, April, 1926. 
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The Question of the Magnetic Rotation of the Plane of Polari- 
zation of Primary X-rays. W.KarrscHacin and E. TscHetetwenri- 
Kowa, Moscow. (Zeit. f. Phys., 39, No. 12, 1926.) —After Hertz had 
demonstrated the existence of the waves predicted by Maxwell man, 
experiments were performed to show that electromagnetic waves have 
the same properties as waves of light. Indeed it would be rash t 
state that all parallelisms have already been investigated and estal)- 
lished. In the early days of X-rays similar eagerness was manifested 
in comparing them with light waves but the results were for a long 
time discouraging. In recent years, since it has been proved that 
X-rays are made up of waves of very short length, the comparison 
of these two kinds of radiation has been resumed with much success 
until now it is possible to find in this Journal such a paper as that 
of Mr. MacMahon on “ The Dispersion of X-rays.” 

The authors of the present paper investigate the effect of a mag 
netic field upon the plane of polarization of X-rays that pass through 
paraffin and iron. These substances were selected because, when th« 
tube was operated with 26,500 to 30,000 volts, the characteristic radi- 
ation of one of them has a frequency close to that of the wave-length 
of maximum energy in the primary radiation, while in the other the 
two are widely separated. Thus by the employment of these two sub- 
stances the question of the rotation of the plane in the vicinity and of 
an absorption band, on the other hand, remote from it was examined 
Besides this the interesting case of a ferromagnetic substance was 
included. 

With paraffin no rotation of the plane of polarization too large to 
be attributed to errors of observation was found. A study of th 
effect from the point of view of the electron theory led to the con 
clusion that no observable effect was to be expected. In the case of 
X-rays traversing iron no rotation of the plane was established by) 
experiment. Theory indicated that an effect should have been found 
but that its exact measurement would be difficult. G. F. S. 


Imports of Petroleum. (Amer. Petroleum Inst. Bulletin, Feb 
23, 1927.)—Imports of petroleum (crude and refined oils) at th 
principal United States ports for the week ended February roth 
totaled 1,141,000 barrels, a daily average of 163,000 barrels, com 
pared with 1,813,000 barrels, a daily average of 259,000 barrels for 
the week ended February 12th and a daily average of 195,536 barrels 
for the four weeks ended February 19th. 


Kilauea Growing Uneasy. (Science News-Letter, Feb. 19 
1927, p. 119.)—Kilauea volcano, the largest of known active peaks 
is showing signs of uneasiness, according to Director T. A. Jagga' 
of the Hawaiian Volcano Observatory. The seismographs at Volcan 
House are recording frequent earthquakes, there has been a marked 
increase of avalanches into Halemaumau Pit, and there are yellow 
sulphurous patches on the slopes which are increasing in area. 


NOTES FROM THE RESEARCH LABORATORY, 
EASTMAN KODAK COMPANY.* 


A CHEMICAL ASPECT OF SULPHIDE SENSITIZING:.' 
By K. C. D. Hickman. 


THE suggestion is advanced that the sulphide sensitivity speck 
of the high-speed silver bromide emulsion grain plays a chemical 
part during light exposure by serving as a rival halogen absorber. 
The reaction is of secondary order and does not involve optical 
sensitizing. An experiment is described in which silver sulphide 
deposited*in an unexposed photographic film is oxidized by silver 
bromide under the action of light and an increased yield of metal- 
lic silver produced. Because this reaction is quite different from 
that between bromine and silver sulphide under ordinary labora- 
tory conditions, it is considered probable that the reaction will take 
place even more certainly during latent image formation. Assum- 
ing the absence of aerial oxidation, the full course of latent image 
formation could be written thus: 


Equation I.— 


+E + AgeS + H.O 
2AgBr-——> 2Ag + 2Br ————> 4Ag + S.Br. ————> HBr 
ee a 250; ———>2H.SO, 
+ (Se, O)< + sH.O 
————> 1oH ——> 1oAg + 10HBr; 


total Ag = 16Ag 


metal ° 


Equation II.— 


+E + Ages 
2AgBr-——> 2Ag + 2Br ———> 2AgBr 


+H,O 
—_—_—» SO; ———-—> H. SO, 
+S 3H.0 + 6AgBr 
———> 6H ———> + 6Ag+ 6HBr; 


total Ag = 8Ag 


metal ° 


* Communicated by the Director. 
*Communication No. 286 from the Research Laboratories of the Eastman 
Kodak Company and published in Phot J., 67, 34 (1927). 


463 


464 EastMAN Kopak Company NOTEs. [J.! 


It is not claimed that these particular chain reactions are th 
ones involved. Aerial oxidation might remove some of thx 
reducing power; the action might stop short at sulphite; gelati: 
might play a part. Other speculations are made concerning ce 
tain consequences of the theory. 


Wood Alcohol Called Methanol. (/nd. and Eng. Chem., Feb 
1927, p. 227.)—The term “ methanol ” has been officially adopted b 
the United States Public Health Service as representing “ wood 
alcohol,” and will be used in future in lieu of the latter term in al 
correspondence and regulations. 

Among the advantages which it is believed will result from th 
substitution of “ methanol” for “ wood alcohol” is that it will te: 
to protect the “class of people to whom the word ‘alcohol’ may 
suggest a substance suitable for use as a beverage.” It is hoped by) 
Public Health Service officials that by use of the term ‘ 


the number of casualties caused by the improper use of wood alcoho! 
will be reduced. 


* methanol ”’ 
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NOTES FROM THE U. S. BUREAU OF CHEMISTRY.* 


A NOTE ON THE KEEPING QUALITY OF CRUDE PEANUT OIL.’ 
By Walter F. Baughman and George S. Jamieson. 


[ ABSTRACT. ] 


A FEw preliminary experiments conducted in the Bureau of 
Chemistry indicated that if all of the foots are removed from 
crude peanut oil the keeping quality is very good indeed. If the 
crude oil remains in contact with the foots the oil deteriorates 
much more rapidly in most instances. 


THE ISOELECTRIC POINT DETERMINATION IN CORN 
SUGAR AND CORN SYRUP MANUFACTURE’ 


By H. S. Paine and M. S. Badollet. 
[ ABSTRACT. ] 


IN THE manufacture of corn syrup and corn sugar there has 
been some uncertainty as to the best manner of controlling the 
neutralization of converter liquor with sodium carbonate in order 
to obtain the maximum flocculation and elimination of the col- 
loidal material present. Experiments conducted in the Bureau 
of Chemistry have indicated that it is feasible to control the 
addition of sodium carbonate to converter liquor by isoelectric 
point determinations, thus obtaining consistent maximum colloid 
elimination at this stage of the factory process in the manufacture 
of corn syrup and corn sugar. 


A NEW PAINT AND VARNISH REMOVER.’ 
By Max Phillips and Marshall J. Goss. 
[ ABSTRACT. ] 


EXPERIMENTS having shown that mixtures of p-cymene with 
certain organic solvents are excellent paint and varnish removers, 
several such solutions were tested in the Bureau of Chemistry. 


* Communicated by the Chief of the Bureau. 

* Published in J. Oil and Fat Industries, 3, Dec., 1926, pp. 431, 449 
* Published in Facts About Sugar, 21, Dec. 18, 1926, pp. 1212-1213. 
* Published in Chem. and Met. Eng., 33, Dec., 1926, p. 745. 
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These tests showed that the most effective paint and varnis! 
remover of the solutions tested is the one composed of ethy! 
alcohol and p-cymene or methyl alcohol and p-cymene in the 
proportion of I to 1 by volume. 


New Lamp Reveals Mine Gas. (Journal A.]. E. E., Feb., 1927 
p. 148.)—A new type of electric safety lamp was recently displayed 
in Vienna, in which the filament is made up of a series of semi-circula: 
loops of palladium and the bulb is stopped with a disc or porous 
stone. The base fits the standard lamp socket. 

In a normal atmosphere, the ends of the filament show dark rec 
When methane gas, the deadly fire damp, is present in the air, tl 
centre of the filament becomes brilliantly incandescent, and whe: 
8 per cent. or more of methane gas is present, the centre of the 
filament continues to glow after the current is turned off. 


Astronomical Clock Controls City’s Street Lights. (Popula 
Mechanics, March, 1927, p. 399.)—Street lamps on part of th 
system in St. Louis, Mo., are turned on at sunset and off at sunris 
by an astronomical clock without the aid of human hand. The instru 
ment adjusts itself to seasonal variations, saving current and elimi 
nating the need of an attendant except for an occasional cleaning 
At the proper time in the evening and in the morning, contacts on 
drum in the clock operate the circuits which carry the lighting load 
In case of trouble, protective relays are provided for every kind o! 
emergency. For inspecting and testing, the system also can be oper- 
ated by hand. 


NOTES FROM THE U. S. BUREAU OF MINES.* 


COMPOSITION OF MATERIALS FROM VARIOUS 
ELEVATIONS IN AN IRON BLAST FURNACE. 


By S. P. Kinney. 


THE Bureau of Mines recently completed an investigation of 
the gas composition, temperature, and pressure at a series of 
planes in a blast furnace making foundry iron in the southern 
district. Samples of coke, metal, slag, limestone, and stock were 
recovered from points between the tuyere plane and stock line. 
If complete and representative samples of stock could be obtained 
from various points across a series of planes between the stock 
line and tuyere level while the furnace is in operation, analyses of 
these samples would present a clear picture of most of the steps 
in the reduction process. Aside from giving the position of the 
zones of reduction, calcination, and slag formation, the samples 
are valuable in determining where the iron acquires its carbon, 
sulphur, phosphorus, manganese, and silicon. 


A complete description of the tests and results obtained are 
given in Technical Paper 397, which recently appeared. 


EFFECTS OF THE CORONA DISCHARGE ON PETROLEUM. 
By J. J. Jakosky. 


EXPERIMENTS were made to determine the effects that high- 
voltage alternating-current electricity in the form of the corona 
discharge has on petroleum vapors. Technical Paper 351 dis- 
cusses previous tests of the effects of electric arcs on petroleum 
and the production of carbon black. The work is a part of that 
undertaken by the Bureau of Mines in the effort to increase 
efficiency in the utilization of petroleum. 

The recent experiments are divided into five sections: (1) 
Hydrogenation using commercial compressed hydrogen gas and 
natural gas; (2) polymerization of benzene by the corona; (3) 
cracking petroleum by using a high-voltage corona discharge; 
(4) precipitation of hot-oil vapors; and (5) cracking by the 


* Communicated by the Director. 
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corona without external heating. Because conditions prevailing 
in these experiments differ, the apparatus, procedure, and results 
obtained differ for each section. 

Some of the principal results of these investigations may |) 
summarized thus: Electrical activation of hydrogen is of such 
small magnitude as to be negligible in the refining of petroleun 
and production of gasoline. Benzene was polymerized by use 0: 
the corona discharge. Suggestions are made and attention 
called to the importance of further work in this direction. The 
use of a corona discharge in a vapor-phase cracking furnace is 
shown to give an increased yield. The work showed that a critical 
temperature existed below which an oil vapor existed as a mist, 
was visible in a strong beam of light, and could be precipitated }y 
a corona discharge. The corona discharge in itself produced no 
cracking of the gas oil present in the vapor phase. 

Further details on the tests will be found in Technical Pape: 
375, recently published by the Bureau of Mines. 


MANUAL OF TESTING METHODS FOR OIL SHALE 
AND SHALE OIL. 


By Lewis C. Karrick. 


ALTHOUGH the Bureau of Mines has thus far made no larg 
scale experiments with oil shales, and the feasibility of the com 
mercial manufacture of shale-oil products suited to present market 
requirements has not been demonstrated, there is ample reason t 
believe that these products will eventually supplement the mor 
commonly used petroleum products and give equally good servic« 
In 1919 the Bureau, in codperation with the Department of Metal! 
lurgical Research, University of Utah, began investigating th 
oil shales of the United States to obtain detailed informatio: 
on their value. The States of Colorado and Indiana also cooper: 
ated through their state universities, in which research laboratories 
were organized to assist in carrying on the oil-shale studies 
planned and directed by the Bureau. Asa result of these studies 
much information is now available concerning laboratory methods 
of producing the greatest yields of the best products fron 
oil shale. 

In order to study the principles that govern the retorting oi « 
shales and to test the oils produced, it has been necessary 


March, 1927.] U. S. Bureau oF Mines Notes. 469 


develop and standardize reliable apparatus and methods for dis- 
tilling shale, and to adapt to the testing of shale oils some of the 
methods the Bureau of Mines uses for testing petroleum. The 
methods employed by the Scottish shale-oil manufacturers were 
also studied, but most of them have been superseded by methods 
which give more comprehensive and accurate results and employ 
more convenient apparatus. Bulletin 249, just published, is a 
manual of apparatus and methods that the Bureau had developed 
for work on oil shale and found satisfactory for routine tests and 
for research. Explanation and discussion of the principles under- 
lying the methods of testing are included wherever necessary for 
a clearer understanding. 


OIL-FIELD EMULSIONS. 
By D. B. Dow. 


OIL-FIELD water trouble is probably the most perplexing 
technical problem the producer must solve. The presence of 
water directly affects the quantity of oil recovered and the life 
of a field. Water also increases the cost of operating, as it aug- 
ments lifting costs and also corrodes equipment, necessitating 
frequent replacement, to prevent permanent injury or complete 
destruction of wells. Furthermore, water may lower the market 
value of the oil produced by helping to form detrimental water- 
in-oil emulsions, such as B. S. and cut oil. 

The results of a recent investigation by the writer are pre- 
sented in Bulletin 250, of the Bureau of Mines. This bulletin 
deals entirely with the cause and removal of water emulsified in 
crude petroleum and the colloidal theories involved. The results 
of investigations of other phases of the water problem by the 
Bureau of Mines have been published. 

IN 11s weekly “ Calendar of Discovery and Invention” Nature, 
Jan. 29, 1927, says, “ ’ebruary 5, 1870.—At the Academy of Music, 
Philadelphia, on February 5, 1870, before an audience of more than 
1500 people, Henry Heyl publicly exhibited on the screen a series of 
posed pictures showing the movements of a couple waltzing. The 
effect was obtained by placing photographs around the edge of a 
disc which was driven step by step in strict time with the music 
of the orchestra. This was the first public motion picture show, and 
the Academy has been popularly called ‘ the birthplace of the movie.’ ” 
Mr. Heyl was for many years a prominent member of The Franklin 
VoL. 203, No. 1215—33 
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Institute. To his son, Dr. Paul R. Heyl, now engaged in determini: 
the constant of gravitation at the Bureau of Standards, the Institu: 
awarded a part of the Boyden Premium. G. F. S 


Special Weather Reports for Commercial Airways.—In car: 


ing out the provisions of the Air Commerce Act of 1926 the Weathe: 


Bureau of the Department of Agriculture since July of this yea 
has inaugurated special service at seventeen places selected by th 


Department of Commerce, the Post Office Department and 1! 
Department of Agriculture as those best located to furnish info: 
mation concerning weather conditions to fliers along commercial aii 


ways. The service includes observations of upper winds by means 


of small “ pilot’ balloons, and these observations are as a rule take: 
a short time before the planes are scheduled to make their flights 
The information enables pilots to select the most favorable altitud 


for flight, or the least unfavorable altitude in case head winds prey 
at all levels. 

An important feature of the service is the transmission of weath 
reports from point to point along the airways. The pilot is, if an) 
thing, more interested in conditions at places toward which he 


about to fly than he is in those at the place from which he starts. 
Obviously the information, to be of most value, should reach the pilot 
as short a time before his departure as possible. Thus, if a_ pilot 
starts out on a two-hour flight, and a report tells him as he leaves that 
the weather at his destination is good and that the outlook for the 
next two or three hours is favorable, he proceeds with a much greater 


degree of confidence than if he had no such information. Chang: 
during a flight, even of that short duration, may and do occur, a! 
it is planned ultimately to extend the weather reporting service t 
include special observations, when advisable, which will be sent 


emergency landing fields en route, equipped to set up warning signals 
upon seeing which the pilot will either land or turn back. For thy 
present, however, the service will be limited to reports at stated hours 
shortly before the departures of planes. It will be organized alon 
all commercial airways where flying is on a regular schedule basis 


Instructions to put it into effect along two of the airways ha) 


recently been issued. These are the Chicago-St. Louis and tl 


Chicago-Dallas Airways. Along the former, special reports a 
exchanged between Chicago, Peoria, and St. Louis, and along the | 

ter, between Chicago, Moline, Kansas City, Wichita, Oklahoma (i 
and Dallas. The reports give upper wind conditions, height of cloud 


J 


visibility, the occurrence of fog, rain, thunderstorm or any othe! 


unfavorable or threatening condition. As the service develops, 
seems likely that, as in other countries, so in this, the weather repor' 


4 


will be a large factor in determining whether or not a scheduled flig!' 


shall be made, and, if made, what height will be selected as 
safest and most economical. 


THE FRANKLIN INSTITUTE. 


(Proceedings of the Stated Meeting Held Wednesday, February 16, 1927.) 


THE meeting was called to order at eight-sixteen p.m. by the President, 
Wm. C. L. Eglin, who announced that this was the regular monthly meeting 
of the Institute, and called upon the Secretary for the business of the evening. 

The Secretary stated that the minutes of the last meeting had been pub- 
lished in full in the February number of the Journat of the Institute and 
moved, therefore, that they be approved as printed. There being no objection, 
the President declared the minutes approved. 

The Secretary announced that since our last meeting four Resident and one 
Student member had been elected to the Institute, and that there had been no 
losses by death or resignation during that interval. 

On behalf of the President the Secretary read the following lists of 
members of the Committees of the Institute for 1927: 


Committee on Library. 


W. H. Fulweiler Joseph S. Hepburn 
C. W. Bates George A. Hoadley 
Charles E. Bonine Lionel F. Levy 

H. J. M. Creighton M. M. Price 
Clarence A. Hall George F. Stradling 


Committee on Meetings. 


Howard McClenahan, Chairman Charles Penrose 

James Barnes George D. Rosengarten 
George S. Crampton Coleman Sellers, 3rd 
Arthur W. Goodspeed W. F. G. Swann 

George A. Hoadley William Chattin Wetherill 


Committee on Museum. 


Hugo Bilgram, Chairman George A. Hoadley 
G. H. Benzon, Jr. John J. L. Houston 
Arthur L. Church Henry Leffmann 
Theobald F. Clark H. H. Quimby 

W. C. Wagner William O. Sawtelle 


The President announced that these gentlemen would constitute the Com- 
mittees for the present year. 

The Secretary stated that the list of meetings for the balance of the 
Institute year was in the hands of the printer and would be distributed to the 
members in the very early future. He read the list and called especial attention 
to the fact that on March thirty-first, Dr. H. A. Lorentz, of the University 
of Leyden, Holland, one of the leading mathematical physicists of the 
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world, would address the Institute on the subject, “How Does the Atom 
Radiate Light?” 

The Secretary further made a statement concerning the three prizes which 
were awarded upon the basis of the books of notes based upon the lecture: 
delivered before the Institute during Christmas Week by Prof. R. W. Wo 
of Johns Hopkins University. The first prize of fifty dollars was awarded | 
Oscar H. Schuck, Jr., the second prize of twenty-five dollars to Frank G 
Raysbrook, and the third prize of ten dollars to Glenden J. Dunlap. Thes: 
three young gentlemen were all students of the Northeast High School 
Philadelphia. The first prize was donated by the President of the Institute, and 
the second and third prizes by Mr. Henry Howson, one of the Vice-president 

There being no further business, the President of the Institute introduced 
as the lecturer of the evening Prof. B. Smith Hopkins, Department of Chen 
try, University of Illinois, for many years a student of the rare earths 
investigator of the atomic weights of a number of the rarer elements, and th: 
discoverer of element 61, io which he has assigned the name “ illinium.” 

Professor Hopkins read a delightful and convincing paper, in which 
outlined the brilliant work which had led to the identification of element ( 
and in which he paid a very considerate tribute to other scientists who h 
been working in the same field. 

The paper of the evening was followed by discussion, participated in | 
several persons. The meeting adjourned at nine-forty-four, with an expressio: 
of hearty appreciation to Professor Hopkins for the fine paper which he had 
read, and a vote of thanks for the trouble he had given himself to come from 
Illinois to Philadelphia. Adjourned. 

Howarp McCLenAHAN, 


COMMITTEE ON SCIENCE AND THE ARTS. 
(Abstract of Proceedings of Stated Meeting Held Wednesday, February 2, 1 


HALL OF THE COMMITTEE, 
PHILADELPHIA, February 2, 1927 


Dr. JAMES BarRNEs in the Chair. 
The Chairman announced the reélection by the Board of Managers 
nineteen members of the Committee to serve for three years and the electi 
of the following new member to serve for three years: 


Mr. James D. Les, Jr. 

The Special Committee on Nomination of a Chairman for the ensuing yea: 
reported as its choice Mr. M. M. Price. Mr. Price was unanimously elect: 
and took the Chair. 

The following reports were presented for final action: 

The Franklin Medal, Dr. James Barnes, Chairman. 

No. 2863: To Dr. Max Planck, of Berlin, Germany, “in recognitio! 
of his valuable contributions to the field of thermod 
namics, particularly for his law of radiation, in the deve! 
opment of which he employed, for the first time, 


is ie 


ee eae 


ea VST R UR St eae 


March, 1927. ] MEMBERSHIP NOTEs. 473 


revolutionary idea of the fundamental indivisible quantity 
of radiant energy called the ‘ quantum.’ ” 

No. 2864: To Dr. George Ellery Hale, of Pasadena, Calif., “in recog- 
nition of his numerous and highly important researches, 
inventions and discoveries in solar physics, of his eminent 
success in organizing and directing astronomical observa- 
tories and of his establishment and promotion of plans 
and means for codrdination and advancement among 
the sciences.” 

The following reports were presented for first reading: 

No. 2847: The Hardinge Air Classifier. 

No. 2865: Literature. 

Geo. A. Hoaptey, 
Secretary to Committee. 


MEMBERSHIP NOTES. 
ELECTIONS TO MEMBERSHIP. 


(Stated Meeting, Board of Managers, February 9, 1927.) 


RESIDENT. 


Mr. A. E. Brake, Sales Engineer, U.G.I. Contracting Company, Broad and 
Arch Streets, Philadelphia, Penna. For Mail: 1401 Arch Street, Phila- 
delphia, Penna. 

Mr. L. Kent Keay, Textile Manufacturer, Clifton Heights, Penna. For Mail: 
48 East Stewart Avenue, Lansdowne, Penna. 

Mr. George Nox McCarn, Editor, Evening Bulletin. For Mail: 4008 Pine 
Street, Philadelphia, Penna. 

Mr. Cuartes A. Younc, Teacher, Northeast High School. For Mail: Somer- 
ton, Philadelphia, Penna. 

STUDENT. 
Mr. Witttam D. Bruce, Student, 152 Rhoads Avenue, Haddonfield, N. J. 


CHANGES OF ADDRESS. 

Coronet G, L. ANDERson, Army and Navy Club, Washington, D. C. 

Mr. Atrrep Crook, 1506 Widener Building, Philadelphia, Penna. 

Dr. Kart K. Darrow, 230 West 105th Street, New York City, N. Y. 

Mr. FRANKLIN W. GILMAN, 4700 Wissahickon Avenue, Germantown Station, 
Philadelphia, Penna. 

Mr. Lionet F. Levy, Wayne Avenue and Berkeley Street, Germantown, Phila- 
delphia, Penna. 

Mr. HerMAwn Livincston, 1341 Marlborough Avenue, Plainfield, N. J. 

Mr. Cuartes H. Norpuavus, Care of Neway Radio Sales, 3943 Lawrence 
Avenue, Chicago, III. 

Mr. Ratpw W. Pope, 16 Castle Hill Avenue, Great Barrington, Mass. 

Mr. Joun B. Rumpoucn, P. O. Box No. 2, Asheville, N. C. 

Mr. Henry P. Rust, 225 South Fifteenth Street, Room 1411, Philadelphia, 
Penna. 
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Mr. A. D. Sitva, 346 Burns Street, Forest Hills, Long Island, N. Y. 

Dr. ALEXANDER R. StEveENSON, Jr., General Electric Company, 1 River Roa 
Schenectady, N. Y. 

Mr. Cirrrorp J. Summers, Nicollet, Minn. 

Mr. J. S. Tatnatt, Eleventh Floor, 1835 Arch Street, Philadelphia, Penna 

Mr. Epwarp L. Zieset, Laboratory of the Big Sisters Hospital, Ventura, Ca! 


LIBRARY NOTES. 
RECENT ADDITIONS. 

Analyst: the Journal of the Society of Public Analysts and Other Analyt 
Chemists. Decennial Index Volumes 41-50, 1916-1925. 

AvraM, Mois H.—The Rayon Industry. 1927. 

BucH, N. M.—The Evolution and Development of the Quantum Theory 

Biytu, Hersert.—Modern Telepherage and Ropeways. 1926. 

Brunet, Prerre.—Les Physiciens Hollandais et la Méthode Expérimental 
France au XVIIIe Siécle. 1926. 

CoHEN, Ernst.—Physico-chemical Metamorphosis and Some Problems in Pi: 
chemistry. 10926. 

Cranston, J. A.—The Structure of Matter. 1925. 

Economic Geology.—General Index Volumes 1-20, 1905-1925. 1926. 

Finn, A. D., Weston, R. S., and Bocert, C. L.—Waterworks Handbook 
Design, Construction and Operation. Third edition, 1927. 

Gonsetu, F.—Les Fondements des Mathématiques: De la Géométrie d’Eucli: 
a la Relativité Générale et a I'Intuitionisme. 1926. 

HASLAM, Ropert T., and Russe:t, Rospert P.—Fuels and Their Combust 
1926. 

Klimschs Jahrbuch. Band 20. 1927. 

Kramers, H. A., and Horst, Hetce.—The Atom and the Bohr Theory 
Structure. 1023. 

Mover, James AmsBrost.—Power Plant Testing. Third edition. 1926. 

Optical Convention.—Catalogue of Optical and General Scientific Instrument 
1926. 

Optical Converition.—Proceedings 1926, Parts 1-2. Two volumes. 10926 

OstWa.p, WoLFGANG, and Others.—Practical Colloid Chemistry. Translated | 
I. N. Kugelmass and T. K. Cleveland. No date. 

Photograms of the Year 1926. 

Waeser, Bruxo.—The Atmospheric Nitrogen Industry. Translated by Erin 
Fyleman. 1926. 

Wien, W., and Harms, F., Editors—Handbuch der Experimentalphysik. \ 
ume I: Ludwig Holborn, Messmethoden; Ernst von Angerer, Technik cd 
Experiments. Volume 14: P. Lenard und A. Becker, Kathodenstrahle: 
Wilhelm Wien, Kanalstrahlen. Two volumes. 1926-1927. 

Wut, Freperic WitttamM.—Emile Berliner: Maker of the Microphone. 102 

Woops, A. T., and Stanzt, A. W.—Elementary Mechanism. Revised and 
rewritten by Philip K. Slaymaker. 

World Almanac and Book of Facts for 1927. 
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BOOK REVIEWS. 
CATALYSIS IN THeEorRY AND Practice. By Eric K. Rideal, Cambridge Univer- 
sity, and Hugh S. Taylor, Princeton University. Second edition, xv—516 
pages, 8vo, illustrated. London, Macmillan and Company, Ltd., 1926. 


The word “catalysis” was coined in 1836 by Berzelius, but four years 
previously Débereiner had published one of the most interesting and puzzling 
examples of the action in showing that manganese dioxide would materially aid 
the decomposition of potassium chlorate without being itself appreciably 
affected. The present reviewer, in his salad days, being curious to test the 
statement that the dioxide can be used many times, tried out the matter by 
extracting the residual soluble salts and using the catalyst again. This was 
done six times with no appreciable loss of activity and the youthful scepticism 
was satisfied. It appears from the preface that in 1812, Edmund Davy sug- 
gested the use of platinum sponge as a catalyst in the oxidation of sulphur 
dioxide, a procedure which has since developed into a great industry. 

The progress in the study of catalytic action and the extension of the use 
of catalysts in recent years has necessitated a re-writing of the book, which 
is now brought up to date by a thorough revision of the text and the addition 
of several chapters. Progress in theoretical views will go more or less with 
progress in the practical, though the former not infrequently precedes the 
latter and determines its course. We are told in the preface that the concept 
first postulated by Arrhenius of “ active” molecules is beginning to be indicated. 
In contact catalysis, research has yielded a definite concept of the solid catalytic 
agent, thus passing beyond the mere surmises of a few years ago. 

In industrial fields many uses have been made of catalysts among which 
may be mentioned the manufacture of sulphuric acid, the fixation of nitrogen 
and the recently established manufacture of methanol from water gas. One 
of the features of recent years has been the use of very high pressures and 
temperatures, thus departing from the earlier methods which were usually 
biologic and, therefore, carried on at or about the normal temperature of living 
organisms. The fixation of nitrogen by the Haber process had a profound 
influence upon the course of the world’s history, for it seems established that if 
Germany had not been able to supply its ammonia and nitrates in abundance 
within its own bounds, it could not have maintained the war for more than 
a few months. In a German work on nitrogen fixation published shortly after 
the armistice, it was stated that from the time the British blockade was estab- 
lished shortly after the declaration of war, until the middle of January, 1915, 
only about 5000 tons of Chile nitrate entered the ports of Germany. The 
Haber process then in full development furnished ample supplies of fertilizers 
and nitric acid. Notwithstanding that it was a British chemist who pointed 
out the possible use of platinum as a catalyzer for the oxidation of sulphur 
dioxide, it was left to German chemists to bring the process to practical use. 

The work in hand is interesting as a joint production of British and 
American authors. It illustrates in a pleasing manner the practical extension 
of “hands across the sea” which it is hoped will continue to develop until 
the two great English-speaking nations will be as one in all purposes 
and sentiments. 
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That the work is a second edition does not appear on the title-page», 
unexplained departure from the usual course, but the fact is stated in 
copyright notice and on the back of the book and the preface to the first edit 
is reprinted. The work contains a vast amount of information on a ve: 
important and highly interesting department of chemistry. 

Henry LEFFMANN 


PracticaL Cotto CHemistry. By Wolfgang Ostwald, University of Leip: 
with collaboration of Doctors Wolski and Kuhn. Translated by Dr. | 

Newton Kugelmass, Yale University, and Theodore K. Cleveland. xvi-10 

pages, 22 illustrations, 12mo. New York, E. P. Dutton and Compa 

Price, $2.25. 

This is a translation of the fourth edition of the German original of whi: 
three editions were exhausted in two years. An examination of the text shows 
that it well deserves its popularity. Colloid chemistry has grown to such great 
importance in both pure and applied phases, and the output of literature bot 
in journals and in books is so great that teachers have been swamped alm: 
completely. Works on physical chemistry give space to the description of colloi 
phenomena and experiments for illustration, and the special works on colloid 
chemistry also furnish data. The work in hand is simply a large collection o/ 
concise and clear descriptions of methods of obtaining colloids and of demonstrat 

: ing the nature and character of colloid phenomena. From the large and varied 
data set forth in excellent form, the student and the teacher of the subject wil! 
find abundant material for study and demonstration. Enough of principk 
is given to aid in understanding the nature of the phenomena, but the greate: 
portion of the space is taken up with what the book claims to be “ Practical 
Colloid Chemistry.” Though the senior translator is connected with an Americ: 
university the book was made in England and, therefore, uses the peculia 
British spelling for such words as “color.” It is not clear why such heavy 
calendered paper was used, but the price of the book is satisfactory. T! 
translation is well done. Henry LEFFMANN. 


PROCEEDINGS OF THE OpticAL CONVENTION, 1926. Two volumes, of a total | 
1051 pages exclusive of preliminary texts and indexes, large 8vo. Pub- 
lished by the Optical Society, London. Price, £3, net. 
These volumes comprise a large series of papers presented at a conventior 
held in London in April, 1926. In addition to the scientific contributions 
: great many optical and general scientific instruments were exhibited, informa- 
: tion about which is given in a catalogue which accompanies the volume o! 
proceedings. The contributions and the exhibited instruments took a_ wid 
range. Both the catalogue and the volumes of proceedings are elaborately 
illustrated. Examination of these shows how highly specialism has develope: 
ie: and the variety of investigations that have been made in connection with th 
subject. Light is, indeed, our most important sense. Without it we could 
have no real consciousness of environment. The sense is widely extended 
j through the animal kingdom, though it seems to be represented among ve! 
low organisms by merely a reaction to the radiant energy and not a definit 
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vision. Pure and applied phases of the subject are both well represented. Out of 
the large collection of valuable papers it is somewhat invidious to refer to any, 
but especial interest attaches to Lord Rayleigh’s studies of silica glass on 
account of the peculiar ortical properties of it, apart from its valuable qualities 
in the laboratory where it has materially relieved the platinum stress. The fact 
that crystallized quartz produces the transparent glass, while ordinary sand 
gives only a translucent form, is explained by the author of the paper to be due 
to the fact that sand is produced by the weathering of granite and contains water 
and carbon dioxide, which produce bubbles. Ordinary quartz crystals contain 
very little of such impurities. 

Each paper is preceded by a short abstract. Considerable attention is 
given to projection apparatus and to color problems. The physiologic problems 
connected with the prescribing of glasses also receive expert consideration. 
It is not possible in the space available to give further data in regard to the 
contents of these volumes, but they will be found to be rich in information on 
almost all fields of the theory and application of light. They are most 
excellently printed and carefully edited. Henry LerFMANN. 


Tue Rayon Inpustry. By Mois H. Avram, B.Sc., M.E., New York University. 
xxi-622 pages, 171 illustrations, small 8vo. New York, D. Van Nostrand 
Company, 1927. Price, $10 net. 

Rayon is now well known to be the technical name of the cellulose pro- 
ducts formerly called “ artificial silk.” The industry has grown to an enormous 
extent and the present work sets forth in great detail and thoroughness the 
methods used, as well as the general history. As with all other phases of 
progress in pure or applied science, it is difficult to say who was the originator. 
It appears from an interesting and carefully prepared historical note that the 
distinguished physicist and naturalist, Réaumer, stated in definite terms in 1754 
that the manufacture of a fiber similar to silk was possible and would probably 
be some day accomplished by the use of gums and resins, these being at that 
time the only materials that seemed sufficiently similar to silk for the purpose. 
Nothing was attempted along this line. The discovery by Schoenbein in 1845, 
of the methods of nitrating cellulose, gave at once an impulse towards the 
manufacture of threads which should be of similar use as the well-known 
textile fibers. In 1855 a patent was taken out in France by Audemars for the 
manufacture of nitro-cellulose into threads that he called “ artificial silk.” It 
is worthy of note that the tendency has always been and still is to call these 
artificial fibers a “ silk,” although their chemical relation is to vegetable struc- 
tures. However, they are more like silk physically for that is structureless, 
while the other natural textiles are organized. 

Notwithstanding these adumbrations in the manufacture of an artificial 
textile, little practical result was obtained until a systematic investigation by 
Count Hilaire de Chardonnet, employing not only his own results but those of 
other workers, culminated in the successful production on a commercial scale 
and in satisfactory form, of the fiber at first generally known as “ artificial 
silk.” Chardonnet has been called the “ Father of the Artificial Silk Industry.” 
The progress of research brought into practical operation several processes for 
the production of merchantable fibers from cellulose. The first products were 
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cellulose nitrates which were denitrated after having been made into fibers 
1890, Despeisses developed a manufacture by dissolving cellulose in ammonia 
copper solution. Then followed the “viscose” product in which a cellu): 
xanthate is used. Cellulose acetate had been the most recent development 
while it has found rather extensive application as the “ slow burning ” film 
motion pictures, it appears from the statistics for 1924 given in this book, +! 
it constitutes but a small proportion of the rayon output, the bulk of whi 
(76 per cent.) is viscose. 

We have in this work a comprehensive and clear statement of the devel: 
ment and present methods of the great industries devoted to the manufactur: 
artificial fibers, and to all operating in such industries or desiring informati 
concerning them, the book will be of much service and its appearance is timel) 
Notwithstanding this, it appears to the reviewer that the canons of criticism 
not be fully observed if something is not said as to the form and plan of 
work. It is in some respects a sad example of what such a book ought not 
be. It is loaded with expensive photogravures that have no value to the us 
whether operator or inquirer. Bird’s eye views of plants, and a large plat 
showing workmen leaving a factory, add nothing to the information sought | 
the users of the book, and add much to the cost of production, not only for ¢! 
plates themselves but for the highly calendered paper required for then 
The result is a very heavy book for which the publisher must charge about twi: 
what a properly written account of the industry would require. The text 
often carelessly written, plural forms of verbs being used where the singula 
is required. Drawings of the appearances of the common natural fibers under ¢! 
microscope are given. These can hardly be necessary in such a work, as ¢! 
industry does not consider such data. The drawings themselves are 
especially commendable, and are not altogether typical. Considering the exte: 
to which photogravure has been used in the book, it seems that photomicrograph: 
should have been used, if such additions were considered necessary. As a matt: 
of fact, information on the structure and nature of natural fibers is attainab!: 
in other works and is, as said above, of little interest to those interested in t! 
new and extensive industry. Henry LerrMAN» 


Tue Mystery oF Minp. By Leonard T. Troland, S.B., A.M., Ph.D., Assistant 
Professor of Psychology, Harvard University; Fellow, American Physica 
Society, Etc. xi-253 pages, 21 x 15 cm., cloth. Illustrated with diagram 
and drawings. New York, D. Van Nostrand Company, 1926. Price, $3 


“The parts of modern thinking have grown faster than the whole,” wrot 
Baker Brownell in “ The New Universe.” Several efforts have been made 
recent years to dovetail these parts together. 

In 1921 Scudder Klyce, an ex-navy officer of Winchester, Mass., brought : 
his “ Universe,” proclaimed to be “a veritable solution of the ‘ Riddle 
the Universe.’ ” 

In 1922 “Tertium Organum,” announced as “The Third Canon of Thought 
(a key to the enigmas of the world) by P. D. Ouspenky, translated from 
Russian by Nicholas Bessaraboff and Claude Bragdon, was published. 

“ Manhood of Humanity” by Count Alfred Korzybski, issued in 1921, p 
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claimed itself to be “The Science and Art of Human Engineering.” Its theme 
is not “the universe.” Yet, in making its analysis of “ Humanity’s” place in the 
universe, a critique of the entire cosmic scheme is offered. Other works have 
incorporated similar attempts to “bridge together” the parts of modern 
thought into a unified system. They have aimed to help “the whole” of 
modern thinking to catch up with “ the parts.” 

Doctor Troland’s contribution to this task of cementing the sciences into a 
sort of “ United States of America” is at least interesting. 

When Sir Joseph John Thomson, of Cambridge, opened his series of talks 
at The Franklin Institute in April, 1923, he called attention to the fact that the 
study of the proton and the electron, as the components of all material substance, 
had given all the physical sciences a common interest and had practically made 
physics and chemistry a single science. 

The author of “ The Mystery of Mind” evidently considers that this situa- 
tion, in which science finds itself to-day, offers an invitation to psychologists to 
enter into this “ unified field.” 

At the Institute, January 24, 1924, his paper was read, presenting his views 
as to “ The Interrelations of Modern Physics and Modern Psychology.” He 
postulated a “ universe” characterized by electrical phenomena; and centred his 
attention upon the human brain. The electrical “ double layer” or condition of 
“ polarization,” following the contour of the individual nerve fibres, and accu- 
mulated in the brain, he conceived to be the “key” to the source of mental 
activities. To this source he gave the name “ central synergy.” 

The book by Doctor Troland builds upon this foundation. It assigns elec- 
trical action to all phenomena, objective as well as subjective. The interpretation 
of this activity, as essentially identified with a certain kind of “ consciousness,” 
leads to his fundamental concept; namely, that of “a general sentient universe.” 

This position Doctor Troland properly identifies as a species of “ pan- 
psychism.” No physicist would quarrel with such a position when understood 
to be a structure of philosophical or psychological thought. 

However, the author advances his argument. He writes: “ We can state 
truthfully that this world cannot be conceived as real, unless we give it a 
panpsychic interpretation.” 

Physicists would of course take issue with this statement. As Norman 
Campbell, Sc.D., pointed out in the JournaLt of December, 1924, “ When 
physicists speak of a ‘real world’ or of ‘ objects existing,’ they are not referring 
to the philosophical conception of reality or existence at all. Real or existent 
things for the physicist are those concepts which satisfy completely his intel- 
lectual instincts, that is to say, either the concepts of laws or the concepts of 
theories which explain those laws.” 

That Doctor Troland realized he had entered into what might be contro- 
versial ground is shown by his comment, “ To believe in the existence of a general 
sentient universe requires considerable intellectual courage.” Furthermore, he 
recognizes that “the real problem is that of the relationship between conscious- 
ness and the physicist’s theory.” 

Undoubtedly he has in mind by “the physicist’s theory’ 
same thing that Doctor Campbell means by that class of scientific concepts which 


’ 


practically the 
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he states are not “real” (see footnote to Doctor Campbell’s article in th 
Journal, p. 825). 

We are bound to congratulate the author of “ The Mystery of Mind” {: 
going through with his proposition to the best of his ability and making us: 
of the best data he could find. In his book is collected a large store of very 
interesting and valuable information. The method by which it is brought together, 
as he develops his thesis, gives to the work a touch of originality not 
be disparaged. 

With real good humor Doctor Troland concludes by admitting “we cannot 
hope in the present book to make such a doctrine really clear. To do so would 
be too difficult and if successful would unduly dispel the ‘mystery of mind’ 
which it had been our purpose to set forth rather than to solve.” 

Joun W. Srockweu 


THe Properties oF INoRGANIC SuBSTANCES. By William Segerblom, A.!: 
Second revision, 226 pages, 8vo. New York, The Chemical Catalog Con 
pany, 1927. Price, $6. 

The first edition of this work was issued in 1909; a second edition wit! 
minor changes appeared in 1916. The present issue is modestly called a second 
revision, but involves a considerable amount of new matter with changes 
data made necessary by the publication of results of investigation, especiall) 
with reference to the International Critical Tables. No fault can be fou 
with the information furnished which comprises a wide variety of data c 
cerning inorganic substances. In addition to strictly scientific data, comm: 
and trade names are abundantly given. 

The form and method of the book do not seem to the reviewer to be 
best. Book manufacturing is to-day a very expensive procedure; the amount 
of literature required by the teacher and worker is enormous and is increasin; 
in an accelerating ratio. It behooves authors and publishers, therefore, 
economize type and paper as far as may be done without sacrificing clearn 
and durability. It does not seem that the common or trade names are needed 
in such a volume. It will be almost entirely, if not quite entirely, used by train: 
chemists who will consult it for specific data and who care little for the fact 
that lead hydroxycarbonate is known as hydrocerusite, or that potassium 
chromate is termed tarapacaite. The main arrangement is based upon Freseniu 
grouping of the metals, but in a work of this character not in any way intend: 
for consecutive study an alphabetic arrangement would be quite satisfactor 
After all the large amount of miscellaneous data accumulated would be bett 
set forth in tabular form than in that of paragraphs. The condensed arran; 
ment is somewhat difficult to consult and involves a large amount of repetiti 

Henry LerrMANN 


A Text-Book or INorGANIC CHeMistry. Edited by Dr. J. Newton Fric: 
Vol. 3, part 2, Beryllium and Its Congeners. By Joshua C. Gregory, B.S 
and May Sybil Burr, D.Sc. xxiv—342 pages, illustrated, 8vo. Philadelphia 
J. B. Lippincott Company, 1926. 


This is a continuation of the well-known extensive series of descriptiv: 
inorganic chemistry. The amount of data included in the work is enormous a! 
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its usefulness is increased by careful and systematic arrangement and compre- 
hensiveness and thoroughness of the references. Year and volume are given in 
each case. The periodic system is followed, and a table of this is printed with 
each volume. An item deserving special mention is the printing in each volume 
of a table showing the chronology of scientific journals with the coincidences 
of their issues. Many authors give references in which either volume or year 
are missing, and if, as may easily happen, the given datum is in error there is 
no ready clue, but if the other datum is given (year or volume, as the case may 
be) the reference may be traced. On one occasion the present writer was seeking 
a reference and found “ vol. iv,” without the year. It happened to be known that 
the volume number was much too far back to be correct for the information 
sought. As a matter of fact the volume was 55. This shows also that Roman 
numerals are unsuited for references. The present work uses properly the 
heavy faced numbers. In the above case “iv” was simply a misprint for “lv” 
an error that could not have occurred if the Arabic (really Hindu) numerals 
had been used. 

The elements included in this volume comprise both somewhat uncommon 
and very common ones, beryllium and cadmium being of the former type and 
magnesium, zinc and mercury of the latter. So many volumes of the series 
have been already in the hands of chemists and have been found satisfactory in 
all respects that further exposition will be unnecessary. One matter of criticism 
has been mentioned in connection with volumes previously reviewed, namely, 


the awkwardness of designating the successive issues as “parts.” It is not 
likely that objection to this will be regarded, for British authors and publishers 
seem to be attached to the system. Henry LEFFMANN. 


Turee Lectures oN Atomic Puysics. By Arnold Sommerfeld. Translated 
by Dr. Henry L. Brose. 70 pages, diagrams, 12mo. New York, E. P. 
Dutton and Company. Price, $1. 


Written in the clear and lucid style which is characteristic of the book on 
atomic structure by the author—“Atombau und Spektrallinien ”"—these lectures, 
delivered at the University of London, form a welcome supplement to the above 
treatise. In this discussion the author gives a résumé of the important ideas 
developed during the last two years, in the arithmetic of the spectrum, if we may 
use such a phraseology, and in particular of the relation of the chemical consti- 
tution of the atom to spectral structure. The first lecture deals with the discovery 
of the similarity of the hydrogen and alkali spectra and the validity of the 
relativity formula for fine structure. This naturally leads to a discussion of the 
summation rule for intensities of components of any line and the recent extension 
to series of multiplets. The second lecture deals primarily with Pauli’s “ Prin- 
ciple of Uniqueness” which determines the exact electronic configuration in 
terms of four suitably chosen quantum numbers. The specification of the elec- 
tronic path in terms of four parameters has given rise to many attempts to 
explain the fourth degree of freedom, of which the most notable is Goudsmit’s. 
The last lecture deals with the application of this principle to chemical linkage : 
The stable subgroups of the electronic shells which spectroscopy demands lead 


: 
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to a theory of the non-polar bond between the atoms in the tetrahedral crysta! 
structure of carbon in certain forms and of the ZnS and compounds of vari: 
other elements which crystallize in this system. 

ArTHUR BRAMLEY 


PHotocraPHy: Its PrincipLes AND Practice. By C. B. Neblette, Texas A. and 
M. College. xviii-644 pages, numerous text-illustrations and plates, &\ 
New York, D. Van Nostrand Company, 1927. Price, $6.50. 

Of the matter of the book much praise may be said. All through the text 
it is evident that the author is familiar with the practice as well as the scientit 
data of photography as far as these are known. American work has been ve: 
fertile of recent years in the advancement of knowledge of the intricate chemistry 
and physics of the action of light on silver halides. It is perhaps to be regrett 
that most other sensitive substances have been left unstudied or studied only | 
a limited extent. The cause of this selection is not hard to determine. Silve: 
halides have proved to be the best substances for the modern requirements 0} 
photography, especially in the high sensitiveness that may be given to them ani 
the comparative permanence of their emulsions as prepared for commercial us: 
The immense development of photography has not been entirely due to 
scientific applications. The invention of the dry plate and its later substitute, t! 
flexible film, have placed in the hands of every one simple facilities for taking 
pictures, especially in travel. ‘“ You push the button and we do the rest” ! 
meant delight to many millions and big business to many companies. 

Amateur or professional photographers will find a large amount of accurat: 
information in this book and the author is to be commended for compiling tix 
data. These encomiums pronounced, the reviewer feels compelled to present 
a less favorable side of the criticism. The book is too big for the amount « 
information in it. It is loaded with unnecessary illustrations, which add to thx 
expense without adding information. A highly expensive double spectral plat: 
of colors is wholly useless to either amateur or professional. Many illustration: 
of standard apparatus, such as cameras, printing and enlarging outfits and 
illuminators are given. These are mostly taken from manufacturers’ catalogues 
and furnish no information that cannot be obtained from such catalogues or from 
dealers. Some carelessness is shown in the use of vowel marks in proper names 
They are, indeed, nuisances but it is hardly permissible to write, as is frequent!) 
done in this book, Lumiére, Niépce and Liippo-Cramer without these marks 
Not enough is said about developing after fixing. It has, of course, not much 
practical value, but it is an interesting procedure. The item is not indexed, and 
the brief allusion to it on page 208 terms it as a “ physical” development, thus 
adopting Lumiére’s inappropriate designation. If the precipitation of the metal 
by the development is not “ chemical,” what is it? No mention is made of th 
procedure with a mercury salt which is quite satisfactory. 

In the preface the author speaks of a German work of Eder which he regards 
as not of the nature of a text-book, but he seems not to be aware of the smal! 
work by the same author, which is sold at a price equal to less than two dolla: 
American currency, and contains a far larger amount of information in a muc! 
more compact form than this volume. 


Henry LerrMANN. 
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NationaAL Apvisory CoMMITTEE FoR AERONAUTICS. Report 246, Tables for 
Calibrating Altimeters and Computing Altitudes Based on the Standard 
Atmosphere. By W. G. Brombacher. 24 pages, illustrations, quarto. 
Washington, Government Printing Office, 1927. Price, ten cents. 

This report was prepared by the Aeronautic Instruments Section of the 
Bureau of Standards under research authorization formulated and recom- 
mended by the sub-committee on aerodynamics and approved by the Committee. 

During 1925 the assumption of an isothermal atmosphere which was in 
general use as the standard for the calibration of altimeters in the United States 
was replaced by a standard atmosphere which assumes an altitude-temperature 
relation closely corresponding to the average of upper air observations at lati- 
tude 40° in this:country. The same standard atmosphere had already been 
adopted somewhat earlier in the United States as the aircraft perform- 
ance standard. 

National Advisory Committee for Aeronautics Technical Reports Nos. 
147 and 218 give necessary constants, tables and information. However, neither 
of these reports includes all of the tables required for the computation of actual 
altitudes nor those readily suitable for use in calibrating altimeters, since the 
altitude intervals for which data are given are not sufficiently small. The present 
report has been prepared specifically for these purposes. 

The formulas which define the standard atmosphere are given in this report, 
together with other formulas giving the corrections to be applied to the standard 
altitude in order to obtain the actual altitude when the necessary observations of 
pressure and temperature are available. 

The tables necessary for the use of this standard atmosphere in calibrating 
altimeters and in computing altitudes form the principal part of this report. 
An example of the computation of actual altitude from the necessary observation 
of pressure and temperature is also included. 

Report 249, A Comparison of the Take-off and Landing Characteristics of 
a Number of Service Airplanes. By Thomas Carroll. 12 pages, illustrations, 
quarto. Washington, Government Printing Office, 1927. Price, ten cents. 

This investigation, which is a continuation of Technical Report No. 154, 
“A Study of Taking Off and Landing an Airplane,” follows very closely the 
earlier methods and covers a number of service airplanes, whereas the previous 
report covered but one, the J N-4h. 

In addition to the air speed, acceleration, and control positions as given it 
Report No. 154, information is here given regarding the distance run and the 
ground speed for the various airplanes during the two manceuvers, 
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The Rayon Industry, by Mois H. Avram, B.Sc., M.E. 622 pages, illustra- 
tions, 12mo. New York, D. Van Nostrand Company, 1927. Price, $10. 

Proceedings of the Optical Convention, 1926. Two parts, illustrations, plates, 
portraits, quarto. London, Optical Convention. Price, £3 net. 

Optical Convention, 1926. Catalogue of Optical and General Scientific 
Instruments. 326 pages, illustrations, quarto. London, Optical Convention, 
1926. Price, six shillings net. 
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Catalysis in Theory and Practice, by Eric K. Rideal and Hugh S. Taylo: 
516 pages, illustrations, 8vo. London, Macmillan and Company, 1920. 

Applied X-rays, by George L. Clark, Ph.D. 255 pages, illustrations, 8 
New York, McGraw-Hill Book Company, 1927. Price, $4. 

Outlines of Physical Chemistry, by George Senter, D.Sc. 421 pag 
illustrations, 12mo. New York, D. Van Nostrand Company, 1926. Price, § 
Swoope’s Lessons in Practical Electricity. An elementary text-b 
Seventeenth edition, rewritten, revised and enlarged, by Erich Hausmann, Sc.D 
604 pages, illustrations, 12mo. New York, D. Van Nostrand Company, 192, 

Price, $2.50. 

The Dial Machine. An apparatus for the elementary mathematical labora 
tory, by T. C. J. Elliott. 98 pages, plate, r2mo. Peterborough, England, T! 
Peterborough Press, Ltd., 1926. Price, 4 shillings 6 pence. 

A Text-book of Chemistry, edited by J. Newton Friend, D.Sc. Volume 3 
part 2, Beryllium and Its Congeners, by Joshua C. Gregory and May Sybil Bur: 
342 pages, illustrations, 8vo. London, Charles Griffin and Company, Ltd 
Philadelphia, J. B. Lippincott Company, 1926. 

Properties of Inorganic Substances. A second revision and enlargement 
of tables of properties of over fifteen hundred common inorganic substances 
by Wilhelm Segerblom, A.B. 226 pages, 8vo. New York, The Chemica! 
Catalog Company, Inc., 1927. Price, $6. 

Interpolation, by J. F. Steffensen, Sc.D. 248 pages, illustrations, &\ 
Baltimore, The Williams and Wilkins Company, 1927. Price, $8. 

Photography, Its Principles and Practice. A manual of the theory a: 
practice of photography designed for use in colleges, technical institutions and 
by the advanced student of the science, by C. B. Neblette, A.R.P.S. 644 pag 
illustrations, 8vo. New York, D. Van Nostrand Company, 1927. Price, $6.5 


Recent Developments of Cosmical Physics. J. H. Jeans 
(Nature, Dec. 4, 1926.)—In this lecture, delivered at the University 
College, London, on November 9, 1926, one of the ablest of cosmical 
scientists presents a consistent and comprehensive statement of th: 
structure of stars and nebulez as he conceives it to be. There ar 
in the field other views, such as those of Russell and Eddington, and 
eventually from the clash of conflicting opinions there will, no doubt, 
emerge a theory taking into account all known facts and explaining 
all observed phenomena. In the meantime it is worth while to giv: 
attention to the surprising conclusions reached by Professor Jeans. 

The lecturer calls attention to the transfer of the interest 
astronomers from the solar system to the universe as a whole. The) 
now find their main interest in the stars. Similarly to the physica! 
astronomer the star is the centre of thought and of investigation 
“From a study of the radiation emitted by the stars, the physica! 
astronomer tries to unravel their physical structure, to discover how 
they generate their energy, and by what mechanism this energy is 
transmitted to their surfaces and discharged into space as radiation 
In this way he may perchance happen upon properties of matte: 
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which have eluded the terrestrial physicist owing to the small range 
of physical conditions at his command. His ultimate aim is to 
weld cosmical physics on to terrestrial physics so as to form one all- 
embracing science.” 

Physical astronomy had its birth when Huggins in 1863 used a 
spectroscope in conjunction with a telescope and discovered the 
identity of certain stellar lines with lines obtainable in the laboratory. 
There was much of error in the conclusions drawn from the early 
observations made on the spectra of stars, but the studies of Saha 
in India and of Fowler and Milne in the West show that the same 
matter in different stars will give rise to different spectra provided 
the temperatures are different. The spectra of the stars thus enable 
their surface temperatures to be deduced, and from the surface 
temperatures the quantity of radiation sent out from a unit of surface 
in a unit of time can be calculated. One square inch of the sun 
in a minute radiates 560,000 calories, the energy delivered by a 
50-horse-power engine. “The hottest stars of all probably radiate 
at least a thousand times as much per square inch of surface.” The 
total energy radiated from the star in a unit of time can be calculated 
when its apparent brightness and its distance are known. By divid- 
ing the total radiation by the radiation per unit of surface the area 
of the star is obtained and its radius and volume as well. “ Calculated 
stellar radii range from about 300 times the sun’s radius for Betelgeux 
to about 0.03 times the sun’s radius for the companion of Sirius.” 
Two other methods exist by which the radii of stars can be found, for 
the largest stars the Michelson interferometer method and for small 
stars the shift of spectral lines toward the red predicted from the 
Theory of Relativity. The application of these two means of meas- 
urement to Betelgeux and to the companion of Sirius gave dimensions 
in excellent agreement with the other method described above. 

What is the state of matter in the stars? From the agreement 
of the calculations of size just mentioned, the author concludes “ that 
Betelgeux and the companion of Sirius are neither transparent nor 
solid bodies, but full radiators like the sun. It seems reasonable to 
suppose that all stars are full radiators and so, as regards their 
mechanism of radiation, are essentially similar structures.” It is 
commonly believed that matter at the centre of stars is made up of 
nuclei stripped of electrons and of electrons stripped from the nuclei 
to which they formerly belonged. These move freely like the mole- 
cules of a gas, the electrical forces that once bound the electrons to 
the nuclei being impotent in the whirl and clash of particles due to 
high temperature. Recombination is still further impeded by quanta 
of radiation that travel through the seething space. Descartes in 
1644 seems to have had a premonition of some such condition in 
stars. From the centre to the circumference of the star the tem- 
perature falls and away from the centre there exist nuclei with 
electrons attached. At the surface of cool stars even molecules 
may be found. 

VoL. 203, No. 1215—34 
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Emden has calculated that the central temperature of the sw 
31.5 million degrees. ‘ Indeed, Russell has recently suggested 
the great majority of stars have central temperatures fairly clos: 
32 million degrees.” At Emden’s temperature the pressure of ra 
tion amounts to about 2500 million atmospheres, yet this enorn 
pressure is only about 5 per cent. of the gas pressure at the centr 
of the sun due to the atomic fragments and electrons. 

How does energy make its way to the surface of a star? In t! 
interior there are three types of carrier, nuclei, electrons and radia 
tion. Radiation exceeds the two others in free path and speed. Thu 
most of the energy arriving at the surface comes in the for 
of radiation. 

On what does the size of a star depend? The author says, ' 
have shown that a star of given mass can rest in equilibrium wit 
any radius from zero to infinity, different radii corresponding 
different rates of generation of energy from zero to infinity by 
star. A star adjusts its radius to suit its rate of generation 
energy, and in so doing fixes its surface temperature and spect: 
type. Contrary to common belief, an increase in a star’s rat 
generation of energy is found to result in expansion and coolin, 
This statement is confirmed by the comparison of stars with alm 
the same mass, for example the sun and a Cent. B. The s 
generates 36 per cent. more energy per gram than the latter. 
sun’s temperature is 5750° at the surface, while the other star’ 
3000°. The radius of the sun is just about half of that of the othe: 
The normal star grows smaller and hotter, then changing expa: 
and cools. 

It is possible to get some idea of the atomic weight of st: 
matter. When such data as are available are collated, they point 
the case of most stars to values of the atomic weight higher 
that of uranium, the heaviest element. Moreover the younger sta 
have larger atomic weights than the older ones. Thus there seems t 
be an evolution of matter from high to low atomic weights, that 
from complex to simple, as is the case in the radio-active substan 
with which we are familiar. 

Kramers calculates that the density at the centre of a stai 
at least 100 times the mean density. In addition to this ther: 
reason to hold that the heavier elements seek the centre, while t! 
lighter elements appear at the surface. It is, however, from ¢! 
surface that we derive the light which is our sole source of in! 
mation for stars. We thus learn only of the lightest elements in | 
star. “It is natural that the earth, formed originally out of 
sun’s outer layers, should contain precisely the same chemical e! 
ments as these outer layers, but it now appears that there ought 
be heavier elements inside.” 

How can a star radiate energy for so long a time? It is the you 
stars that radiate most energy per unit of mass, yet the total radiatio 
from any star up to the present time furnishes a problem that needs 
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solution. The shrinking toward the centre of the mass of the sun 
or the impinging of meteorites on its surface are inadequate explana- 
tions of the duration of its heat. Since the coming of the Theory of 
Relativity we have become familiar with the equivalence of mass 
and energy and herein lies the solution of the question. ‘ Through- 
out a star’s interior, electrons and protons (hydrogen nuclei) must 
at intervals fall into one another and mutually destroy one another, 
the energy of their fall being set free as radiation. The energy of this 
fall is enormous. In no other way can a given mass of matter be made 
to yield energy of amount comparable with this ; for example, whereas 
the ordinary combustion of a ton of coal provides energy enough 
to drive an express locomotive for an hour, the annihilation of a ton 
of coal would provide enough energy for all the heating, lighting, 
power and transport in Great Britain for a century.” The duration 
of the sun’s energy output is understood in part when it is known 
that only about one in every 10"? atoms of the sun annihilates itself 
in an hour. An additional argument for the existence in the stars 
of elements of great atomic weight lies in our inability to account 
adequately for the age-long emission of energy by elements that have 
atomic weights less than that of uranium. 

Professor Jeans pictures matter in its earliest state as made up 
of elements of different atomic weight. Those with the highest 
atomic weight disappear first by annihilating themselves with the 
emission of energy. ‘Lhose radio-active elements that we know on 
the earth are the remains of a much larger group, most of whose 
members are as extinct as the dodo or the carrier pigeon. It seems 
that we should seek in the nebule the elements of greatest atomic 
weight. When a proton and an electron annihilate each other the 
radiation produced has a wave-length of 1.3-* cm. If this starts 
in the centre of a star, it impinges on a multitude of particles before 
it gets to the surface. At each impact its wave-length is increased by 
the Compton effect, so that it has become ordinary radiation by the 
time it leaves the star. In a nebulae, however, the number of impacts 
is so small, owing to the low density, that the radiation will escape 
with little change in its wave-length and may well be that detected 
on the earth by Kohlhoerster and Millikan. Confirmation of this 
view is found in the fact that the radiation seems to come largely 
from the region of the Milky Way. G. F. S. 


Chemiker Zeitung Semi-centennial.—Centennials, semi-, uni-, 
sesqui-, di- and poly-, have been much in evidence of late years. 
Mankind seems to be working up to appreciation of the past. The 
Chemiker Zeitung sends out a special number to celebrate its fiftieth 
anniversary, containing in addition to formal papers and the usual 
items, congratulatory letters from prominent chemists. Among 
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these we note a timely one from Dr. W. A. Noyes, who calls attention 
to the fact that no nation or group of peoples can claim to be origi- 
nators of chemistry as a science. This is true indeed of all progress 
in knowledge. The claim made by Wurtz that “chemistry is a 
French science ” was without justification. 

Fifty years is not a great while in the history of general science 
and not even in chemistry. Liebig’s Annalen is about five years 
from its centennial. The Chemiker Zeitung is, however, a little 
different from the general lot of chemical journals. It has a some- 
what “newsy” character as we Americans would say, giving infor- 
mation as to the general progress and details of the science and not 
confining itself to formal papers or formal abstracts. We wish it 
many years of success and service to science. H. L. 
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